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7) ABSTRACT

An ultrasound system (100) for imaging a volumetric region
comprising a region of interest (12) comprising: a probe
having an array of CMUT transducers (14) adapted to
transmit ultrasound beams and receive returning echo sig-
nals over the volumetric region; a beamformer (64) coupled
to the array and adapted to control ultrasound beam trans-
mission and provide ultrasound image data of the volumetric
region; a transducer controller (62) coupled to the beam-
former and adapted to vary driving pulse characteristics of
the CMUT transducers, a region of interest identifier (72)
enabling an identification of a region of interest on the basis
of the ultrasound image data; a beam path analyzer (70)
responsive to the ROI identification and arranged to detect
an attenuating tissue type in between the probe and the ROI
based on a depth variation in attenuation of the received
signal; wherein the transducer controller is further adapted
to change, based on the attenuating tissue type detection, at
least one parameter of the driving pulse characteristics.
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AN ULTRASOUND SYSTEM WITH A TISSUE
TYPE ANALYZER

FIELD OF THE INVENTION

[0001] The invention relates to an ultrasound system for
imaging a volumetric region comprising a region of interest
comprising: an array of CMUT transducers adapted to
transmit ultrasound beams and receive returning echo sig-
nals over the volumetric region; a beamformer coupled to
the array and adapted to control ultrasound beam transmis-
sion and provide ultrasound image data of the volumetric
region; a transducer controller coupled to the beamformer
and adapted to vary driving pulse characteristics of the
CMUT transducers; and a region of interest (ROI) identifier
enabling an identification of a region of interest on the basis
of the ultrasound image data, and which identifier is adapted
to generate identification data indicating the region of inter-
est within the volumetric region.

[0002] The present invention further relates to a method of
variable frequency ultrasound imaging of a volumetric
region using such an ultrasound system.

BACKGROUND OF THE INVENTION

[0003] An ultrasound imaging system witha CMUT trans-
ducer array is known from WO02015028314 Al. This probe
comprises an array having CMUT cells arranged to operate
in either of the following modes: a conventional mode,
wherein a DC bias voltage sets a CMUT membrane of the
cell to vibrate freely above a cell floor during operation of
the CMUT cell; and a collapsed mode, wherein the DC bias
voltage sets the CMUT membrane of the cell to be collapsed
to the cell floor during operation of the CMUT cell. An
increase in the DC bias voltage results in an increase in a
center frequency of the frequency response of the CMUT
cell during the operation the collapsed mode, and a decrease
in the DC bias voltage results in a decrease in the center
frequency of the frequency response of the CMUT cell
during the operation in the collapsed mode. The DC bias
voltage can be selected for different clinical applications
depending on the frequency at which a volumetric region of
the body is imaged.

[0004] There is need in new imaging techniques enabling
high resolution imaging of a region of interest in the volume
by further utilizing the perspectives of the CMUT technol-

ogy.
SUMMARY OF THE INVENTION

[0005] Itisan object of the present invention to provide an
ultrasound system, which enables improved capabilities in
the ultrasound imaging.

[0006] This object is achieved according to the invention
by providing a beam path analyzer responsive to the iden-
tification data and coupled to the beamformer, said beam
path analyzer arranged to detect an attenuating tissue type in
between the CMUT array and the ROI based on a depth
variation in attenuation of the received signal; wherein the
transducer frequency controller is further adapted to adjust,
based on the attenuating tissue type detection, at least one
parameter of the driving pulse characteristics. The invention
uses agility of the driving pulse characteristics of the CMUT
transducers in providing a new imaging technique that
allows on fly adapting optimal driving scheme applied to the
CMUT array depending on the tissue type being imaged.
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Once the ROI is identified, the beam path analyzer analyses
an attenuation of the received by the array echo signals and
a change of this attenuation with depth. Different tissues
show different scattering and absorption properties for the
ultrasound wave propagation, which manifests in different
ultrasound wave attenuation with its depth of propagation.
Upon a detection of the specific tissue type, the ultrasound
system of the present invention is capable of adjusting the
driving pulse characteristics according to the optimal imag-
ing conditions suitable for the detected tissue type.

[0007] The detectable attenuating tissue type can be blood
and a soft tissue. Scattering properties of blood substantially
differ from the properties of soft tissues. Blood shows one of
the lowest attenuations (among tissue types contains in the
body) of the acoustic waves. Bloods attenuation coefficient
is about 0.14-0.2 dB/(MHzxcm), therefore causing a smaller
reduction of the amplitude of the acoustic wave propagating
along a given distance compared to the wave’s propagation
in any other soft tissue along the same distance. This results
in a distinct difference between the attenuation slopes of the
received echo signals, when they travel through the blood
pool and another soft tissue. This difference in slopes can be
detected by the path analyzer.

[0008] Inan embodiment, the at least one parameter of the
driving pulse characteristics is an ultrasound beam fre-
quency or a bias voltage applied to the CMUT transducer.

[0009] This embodiment combines a linear scaling with
frequency of the absorption coeflicient with obtained by the
system knowledge about the tissue types causing said
absorption. This enables the system to improve a spatial
resolution of the ultrasound image including the ROI by
varying the frequency of the transmitted ultrasound beams.
The value of applied bias voltage allows not only adjusting
the operational frequency of the transducer, but also its
bandwidth giving more flexibility in defining optimal imag-
ing conditions.

[0010] In a further embodiment, when the beam path
analyzer detects blood in between the array or a probe
housing said array and the ROI, the transducer controller
changes the ultrasound frequency from a first frequency to
a second frequency being larger than the first frequency,
wherein said first frequency is an optimal frequency for the
soft tissue imaging.

[0011] Since blood attenuates acoustic waves less than the
soft tissue an ultrasound beam with the second frequency
would travel a longer distance in blood before its amplitude
is reduced to the threshold value (defined by the noise level)
compared to the same frequency ultrasound beam traveling
through the soft tissue. Therefore, this embodiment provides
an opportunity to increase a spatial resolution of the
acquired ultrasound image by keeping a penetration depth at
about the same value.

[0012] In yet another embodiment, the transducer control-
ler is further adapted to change a second parameter of the
driving pulse characteristics second parameter being a duty
factor.

[0013] Another driving pulse characteristic, which may
affect imaging properties is a duty factor, which is charac-
terized by a number of cycles of the driving pulse. It is
measured in percentage and defines a ratio of the active
transmits (cycles) occurring during a pulse period. The
higher the duty factor is the more cycles are used during a
given driving pulse period resulting in higher acoustic
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energy transmitted into the tissue. Therefore, higher duty
factor would result in higher penetration depth of the ultra-
sound beam.

[0014] In another embodiment, when the beam path ana-
lyzer detects blood in between the array or the probe and the
ROI, the transducer controller changes the ultrasound fre-
quency from a first frequency to a second frequency being
higher than the first frequency; and a first duty factor to a
second duty factor being higher than the first duty factor,
wherein said first frequency and first duty factor are optimal
driving pulse characteristics for the soft tissue imaging.
[0015] This embodiment combines an advantage of select-
ing an optimal image frequency for the given beam path
from the array (or probe) to the ROI’s location and an
optimal duty factor, which provides an improved image
resolution of the acquired ultrasound image. An increase in
the duty factor used for the pulse with higher ultrasound
frequencies improves the penetration depth of the ultrasound
probe.

[0016] In yet following embodiment the transducer con-
troller is adapted to adjust at least one parameter of the
driving pulse characteristics only for the ultrasound beams
transmitted within the ROL

[0017] This embodiment provides a possibility to increase
the beam frequencies in a portion of the volumetric region
in which the ROI is located and thereby providing a further
flexibility to a user in acquiring the ultrasound image of the
volume having regions with a different penetration depth
and spatial resolution.

[0018] In an embodiment, the beamformer provides the
ultrasound image data having a relatively low spatial reso-
lution within the volumetric region and relatively high
spatial resolution within the region of interest.

[0019] In this embodiment increasing of the beam fre-
quency transmitted over the region of interest allows the
beamformer receiving the higher frequency echo signals
originating from the ROI; thus, providing a higher resolution
ultrasound data of the identified

[0020] ROI. Compared to the prior art systems the ultra-
sound system of the present invention is capable of setting
optimal ultrasound beam driving conditions for receiving
more detailed ultrasound information on the volumetric
region during the ultrasound scan.

[0021] In a further embodiment, the image processor pro-
duces a wide view of the volumetric region based of the low
spatial resolution data and a detail view of the region of
interest based on the high spatial resolution data.

[0022] Acoustic wave attenuation increases with increas-
ing frequency. Therefore, it may be beneficial producing the
wide view of the volumetric region with larger penetration
depth but reduced spatial resolution and the detailed field
view within the wide field of view, wherein the ROI can be
imaged with higher spatial resolution. The advantage of the
present invention that both fields of view can be produced
using the same CMUT transducer array during a single
ultrasound scan.

[0023] In another embodiment, the ultrasound system fur-
ther comprises an image display coupled to the image
processor, which displays both the wide view of the volu-
metric region and the detail view of the region of interest.
Both fields of view may be displayed to a user either next to
each other as separate ultrasound images or in a spatial
registration as one ultrasound image.
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[0024] 1In yet another embodiment the ultrasound system
further comprises a user interface coupled to the ROI
identifier and responsive to a manual selection of the ROI
within the volumetric region.

[0025] This gives the user an opportunity to manually
select the ROI to be identified by the ROI identifier. Option-
ally, the user interface can be also coupled to the frequency
control, such that the user can also select the relatively low
and high frequencies of the beams steered within the volu-
metric region and within the region of interest correspond-
ingly.

[0026] In a further embodiment the array is a two-dimen-
sional array or one-dimensional array.

[0027] Depending on the array’s design the ultrasound
system may be providing the three dimensional ultrasound
images or two dimensional ultrasound images (2D slices) of
the volumetric region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0028] In the drawings:

[0029] FIG. 1 illustrates an ultrasound system for imaging
of a volumetric region in accordance with the principles of
the present invention;

[0030] FIG. 2 illustrates a CMUT cell controlled by a DC
bias voltage and driven by an r.f. drive signal;

[0031] FIGS. 3¢-34 illustrate the principles of collapsed
mode CMUT operation applied in an implementation of the
present invention;

[0032] FIGS. da-4¢ show typical characteristics’ of the
CMUT: acoustic response as a function of frequency (A);
operation frequency and bandwidth as a function of bias
voltage (B); sensitivity and pulse length as a function of bias
voltage (C);

[0033] FIGS. 5a-b illustrate two possible applications of
the probe suitable for intracavity imaging: for forward
looking intracardiac imaging (A) and side looking imaging
B).

[0034] FIGS. 6a-c show: echo signal reception used for
estimations of the attenuation depth variation (A); signal
amplitude decrease with depth (attenuation) at a given
frequency and for a given tissue segment (B); comparison of
the attenuation depth variation for two ultrasound beam
having different frequency and traveling through the same
region (C).

[0035] FIGS. 7a-billustrate the scanning of the volumetric
region with variable driving pulse characteristics using an
ultrasound probe adapted to be moved with respect to the
volumetric region;

[0036] FIGS. 8a-c illustrate displays of ultrasound images
of a volumetric region together with the wide view of the
volumetric region comprising the detail view of the region
of interest;

[0037] FIG. 9 illustrates a workflow of a basic principle of
different drive pulse characteristics image acquisition of the
present invention; and

[0038] FIG. 10 illustrates a workflow for different drive
pulse characteristics image acquisition in accordance with
another embodiment of the present invention.

DETAILED DESCRIPTION OF EMBODIMENTS

[0039] FIG. 1 shows schematically and exemplarily an
ultrasound system 100 for variable frequency imaging of a
volumetric region in accordance with the principles of the
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present invention. A probe 10 comprises an array 14 of
capacitive micromachined ultrasound transducers (CMUTs)
suitable for operation in a collapsed mode. This array 14 can
be either two dimensional or one dimensional array. The
probe can be of any ultrasound probe type: a regular
ultrasound diagnostic probe, an interventional ultrasound
probe or a low profile ultrasound probe (patch) suitable to be
attached to a patient for a longer period of time.

[0040] The CMUTs of the array transmit ultrasound beams
over a volumetric field of view 131 (FIG. 5) (comprising the
volumetric region) and receive echoes in response to the
transmitted beams. The transducers of the array 14 trans-
ducer are coupled to a beamformer 64, which controls a
steering of the ultrasound beams transmitted by the CMUTs
of the array transducer 14. The beamformer further beam-
forms echoes received by the transducers. Beams may be
steered straight ahead from (orthogonal to) the transducer
array 14, or at different angles for a larger field of view.
Optionally, the ultrasound system may have a plurality of
microbeamformers (not shown) each coupling groups of the
individual transducers with the beamformer 64. The micro-
beamfomers (sub-array beamformer) partially beamforms
the signals from the groups of the transducers thereby
reducing amount of signal channels coupling the probe and
main acquisition system. The microbeamformers are pref-
erably fabricated in an integrated circuit form and located in
the housing of the probe 10 near the array transducer. The
probe 10 may further include a position sensor 52 which
provides signals indicative of the position of the probe 10 to
a transducer position detector 54. The sensor 52 may be a
magnetic, electromagnetic, radio frequency, infrared, or
other type of sensor.

[0041] The partially beamformed signals produced by the
microbeamformers are forwarded to a beamformer 64 where
partially beam-formed signals from individual groups of
transducers are combined into a fully beam-formed signal.
The ultrasound system 100 further comprises a transducer
controller 62 coupled to the CMUT array 14 and the
beamformer 64 (or optionally to the plurality of microbeam-
formers). The transducer controller 62 controls driving pulse
characteristics, such as operational frequency and the duty
factor, of the CMUT transducers. The fully beam-formed
signal (i.e. echo signals along the beams) represent ultra-
sound image data, which are processed by filtering, ampli-
tude detection, Doppler signal detection, and other processes
by a signal processor 66. The ultrasound data are then
processed into ultrasound image signals in the coordinate
system of the array or probe (1,0, for example) by an image
processor 68. The ultrasound image signals may be further
converted to a desired ultrasound image format (x.y,z Car-
tesian coordinates, for example) by a graphic processor 74
and displayed on a display 18.

[0042] A region of interest identifier 72 enables an iden-
tification of a region of interest on the basis of the ultrasound
image data provided by the beamformer. The region of
interest identifier 72 is adapted to generate identification
data indicating a region of interest 82' (ROI) within the
volumetric field of view 131. The identification data are fed
to the input of a beam path analyzer 70 responsive to the
identification data and coupled to the beamformer. The beam
path analyzer 70 analyses echo signals received along a path
between the ROI’s identified location and the probe (probe’s
distal end). Based on a depth variation in attenuation of these
received signal the analyzer is able to detect and distinguish
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a tissue type located in between the probe (or array) and the
ROL Since the array is affixed within the probe, the result of
the detection of the tissue type in between the ROI and the
array is the same as in between the ROI and the probe. Both
the beam path analyzer 70 and the ROT identifier 72 can be
a part of one image analyses unit 68'. The ultrasound
imaging system 100 may be controlled by a user interface
38. In particular the user interface 38 can be connected to the
ROI identifier 72 or directly to the image analyses unit 68'
permitting a manual selection of the ROI 82' based on an
ultrasound image displayed on the display 18.

[0043] In accordance to one of the embodiments of the
present invention the variation of the imaging frequency of
the ultrasound system is provided using CMUT transducers
adapted to operate in a collapsed mode. CMUT technology
allows the tuning of the imaging frequency by changing the
bias voltage. This frequency range extends over a broad
range and on top of this range at each frequency there is also
a bandwidth which for a substantial part is close to 100%.
This large frequency variability allows for imaging over a
wide range of penetrations and resolutions.

[0044] The CMUT transducer array 14 of the present
invention comprises a plurality of CMUT cells (transduc-
ers). Each CMUT cell 103 typically comprises a flexible
membrane or diaphragm 114 suspended above a silicon
substrate 112 with a gap or cavity 118 there between. A top
electrode 120 is located on the diaphragm 114 and moves
with the diaphragm. A bottom electrode is located on the
floor of the cell on the upper surface of the substrate 112 in
this example. Other realizations of the electrode 120 design
can be considered, such as electrode 120 may be embedded
in the membrane 114 or it may be deposited on the mem-
brane 114 as an additional layer. In this example, the bottom
electrode 122 is circularly configured and embedded in the
substrate layer 112 by way of non-limiting example. Other
suitable arrangements, e.g. other electrode shapes and other
locations of the bottom electrode 122, e.g. on the substrate
layer 112 such that the bottom electrode 112 is directly
exposed to the gap 118 or separated from the gap 118 by an
electrically insulating layer or film to prevent a short-circuit
between the top electrode 120 and the bottom electrode 122.
In addition, the membrane layer 114 is fixed relative to the
top face of the substrate layer 112 and configured and
dimensioned so as to define a spherical or cylindrical cavity
118 between the membrane layer 114 and the substrate layer
112. Tt is noted for the avoidance of doubt that in FIG. 2 the
bottom electrode 122 is grounded by way of non-limiting
example. Other arrangements, e.g. a grounded top electrode
120 or both top electrode 120 and bottom electrode 122
floating are of course equally feasible.

[0045] The cell 100 and its cavity 118 may exhibit alter-
native geometries. For example. cavity 118 could exhibit a
rectangular or square cross-section, a hexagonal cross-sec-
tion, an elliptical cross-section, or an irregular cross-section.
Herein, reference to the diameter of the CMUT cell 103 shall
be understood as the biggest lateral dimension of the cell.

[0046] The bottom electrode 122 may be insulated on its
cavity-facing surface with an additional layer (not pictured).
A preferred electrically insulating layer is an oxide-nitride-
oxide (ONO) dielectric layer formed above the substrate
electrode 122 and below the membrane electrode 120
although it should be understood any electrically insulating
material may be contemplated for this layer. The ONO-
dielectric layer advantageously reduces charge accumula-
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tion on the electrodes which leads to device instability and
drift and reduction in acoustic output pressure.

[0047] An example fabrication of ONO-dielectric layers
on a CMUT is discussed in detail in European patent
application EP 2,326,432 A2 by Klootwijk et al., filed Sep.
16, 2008 and entitled “Capacitive micromachined ultra-
sound transducer.” Use of the ONO-dielectric layer is desir-
able with pre-collapsed CMUTs, which are more susceptible
to charge retention than CMUTs operated with suspended
membranes. The disclosed components may be fabricated
from CMOS compatible materials, e.g., Al, Ti, nitrides (e.g.,
silicon nitride), oxides (various grades), tetra ethyl oxysilane
(TEOS), poly-silicon and the like. In a CMOS fabrication,
for example, the oxide and nitride layers may be formed by
chemical vapor deposition and the metallization (electrode)
layer put down by a sputtering process. Suitable CMOS
processes are LPCVD and PECVD, the latter having a
relatively low operating temperature of less than 400° C.
Exemplary techniques for producing the disclosed cavity
118 involve defining the cavity in an initial portion of the
membrane layer 114 before adding a top face of the mem-
brane layer 114. Other fabrication details may be found in
U.S. Pat. No. 6,328,697 (Fraser).

[0048] In FIGS. 2 and 3, the diameter of the cylindrical
cavity 118 is larger than the diameter of the circularly
configured electrode plate 122. Electrode 120 may have the
same outer diameter as the circularly configured electrode
plate 122, although such conformance is not required. Thus,
the membrane electrode 120 may be fixed relative to the top
face of the membrane layer 114 so as to align with the
electrode plate 122 below. The electrodes of the CMUT cell
100 provide the capacitive plates of the device and the gap
118 is the dielectric between the plates of the capacitor.
When the diaphragm vibrates, the changing dimension of
the dielectric gap between the plates provides a changing
capacitance which is sensed as the response of the CMUT
cell 100 to a received acoustic echo.

[0049] The spacing between the electrodes is controlled by
applying a static voltage, e.g. a DC bias voltage, to the
electrodes with a voltage supply 45. The voltage supply 45
is implemented into the transducer frequency controller 62
and provides its frequency control capabilities. The trans-
ducers of the array 14 each may have a separate voltage
supply or share several voltage supplies implemented in the
transducer frequency controller 62. The voltage supply 45
may also optionally comprise separate stages 102, 104 for
providing the DC and AC or stimulus components respec-
tively of the drive voltage of the CMUT cells 103. The first
stage 104 may be adapted to generate the static (DC) voltage
component and the second stage 102 may be adapted to
generate an alternating variable voltage component or stimu-
lus having a set alternating frequency, which signal typically
is the difference between the overall drive voltage and the
aforementioned static component thereof.

[0050] The second stage 102 can also enable the duty
factor variation of the applied to the CMUT driving pulse.
The duty factor of the driving pulse in ultrasound imaging is
characterized by a number of cycles used within a period of
the driving pulse. It is measured in percentage and defines a
ratio of the active transmits (cycles) occurring during a pulse
period. The higher the duty factor is the more cycles are used
during a given driving pulse period. Increased number of the
cycles improves the penetration depth in the ultrasound
image by condensing acoustic energy into a narrower band-
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width of the transmit pulse. For the transmit pulse with a
limited bandwidth the transducer controller sets an optimal
bias voltage applied to the CMUT transducer.

[0051] The static or bias component of the applied drive
voltage preferably meets or exceeds the threshold voltage
for forcing the CMUT cells 103 into their collapsed states.
This has the advantage that the first stage 102 may include
relatively large capacitors, e.g. smoothing capacitors, in
order to generate a particularly low-noise static component
of the overall voltage, which static component typically
dominates the overall voltage such that the noise character-
istics of the overall voltage signal will be dominated by the
noise characteristics of this static component. Other suitable
embodiments of the voltage source supply 45 should be
apparent, such as for instance an embodiment in which the
voltage source supply 45 contains three discrete stages
including a first stage for generating the static DC compo-
nent of the CMUT drive voltage, a second stage for gener-
ating the variable DC component of the drive voltage and a
third stage for generating the frequency modulation or
stimulus component of the signal, e.g. a pulse circuit or the
like. It is summarized that the voltage source supply 45 may
be implemented in any suitable manner.

[0052] As is known per se, by applying a static voltage
above a certain threshold, the CMUT cell 103 is forced into
a collapsed state in which the membrane 114 collapses onto
the substrate 112. This threshold value may depend on the
exact design of the CMUT cell 103 and is defined as the DC
bias voltage at which the membrane 114 sticks to (contacts)
the cell floor by Van der Waals force during the application
of the bias voltage. The amount (area) of contact between the
membrane 114 and the substrate 112 is dependent on the
applied bias voltage. Increasing the contact area between the
membrane 114 and the substrate 112 increases the resonance
frequency of the membrane 114, as will be explained in
more detail with the aid of FIG. 3(a)-(d).

[0053] The frequency response of the collapsed mode
CMUT cell 103 may be varied by adjusting the DC bias
voltage applied to the CMUT electrodes after collapse. As a
result, the resonant frequency of the CMUT cell increases as
a higher DC bias voltage is applied to the electrodes. The
principles behind this phenomenon are illustrated in FIGS.
3(a) and 3(b). The cross-sectional views of FIGS. 3(a) and
3(c) illustrate this one-dimensionally by the distances D1
and D2 between the outer support of the membrane 114 and
the point where the membrane begins to touch the floor of
the cavity 118 in each illustration. It can be seen that the
distance D1 is a relatively long distance in FIG. 3(a) when
arelatively low bias voltage is applied, whereas the distance
D in FIG. 3(¢) is a much shorter distance due to a higher bias
voltage being applied. These distances can be compared to
long and short strings which are held by the ends and then
plucked. The long, relaxed string will vibrate at a much
lower frequency when plucked than will the shorter, tighter
string. Analogously, the resonant frequency of the CMUT
cell in FIG. 3(a) will be lower than the resonant frequency
of the CMUT cell in FIG. 3(c) which is subject to the higher
pulldown bias voltage.

[0054] The phenomenon can also be appreciated from the
two-dimensional illustrations of FIGS. 3(b) and 3(d), as it is
in actuality a function of the effective operating area of the
CMUT membrane. When the membrane 114 just touches the
floor of the CMUT cell as shown in FIG. 3(a), the effective
vibrating area Al of the non-contacting (free vibrating)
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portion of the cell membrane 114 is large as shown in FIG.
3(b). The small hole in the center 17 represents the center
contact region of the membrane. The large area membrane
will vibrate at a relatively low frequency. This area 17 is an
area of the membrane 114, which is collapsed to the floor of
the CMUT cell. But when the membrane is pulled into
deeper collapse by a higher bias voltage such as in FIG. 3(c),
the greater central contact area 17' results in a lesser free
vibrating area A2 as shown in FIG. 3(d). This lesser area A2
will vibrate at a higher frequency than the larger Al area.
Thus, as the DC bias voltage is decreased the frequency
response of the collapsed CMUT cell decreases, and when
the DC bias voltage increases the frequency response of the
collapsed CMUT cell increases.

[0055] For an improved imaging performance, the center
frequency and the bandwidth of the transmit pulse need to
match the frequency response of the CMUT, which can be
tuned by the applied bias voltage. FIG. 4(a) gives an
example of such a frequency tunability of the CMUT
response (in dB) at three different bias voltages: -80V;
-110V and -160V. At the negative bias voltage of 80V the
CMUT transducer has a highest magnitude of its response
around 9 MHz (curve 31); an application of -110V brings a
center of the response curve 32 to about 12 MHz; and a
further increase in the applied bias voltage value to -160V
brings the center of the response curve 33 to about 15 MHz.

[0056] A variation of the center frequency (curve 34) and
bandwidth (curve 35) of the CMUT transducer with applied
bias voltage is illustrated in FIG. 4(b), these are indicative of
the optimal center frequency and bandwidth of the transmit
pulse (the aforementioned driving characteristics). The fre-
quency tunability of the CMUT may come at the loss in
sensitivity (curve 36) as illustrated in FIG. 4(c). Typically,
loss of less than 50% is acceptable (corresponding to the bias
voltage limit of about =70V in FIG. 4(c)). FIG. 4(¢) further
shows that decreased bias voltage (absolute value of the
applied voltage) results in decreased resonance frequency
and therefore longer acoustic pulse length (curve 37), which
in turn translates into reduced axial resolution. Note, pulse
period is proportional to the pulse length. This reduction in
axial resolution is predictable based on the change in the
imaging frequency (e.g. twice as low imaging frequency
results in twice as low axial resolution) and can be, in an
embodiment, restricted by the operator via the transducer
controller, e.g. operator asks for the best driving character-
istics that keep the axial resolution bellow 300 micrometers.

[0057] The present system can be used with an intracavity
probe suitable for intracardiac imaging or vessel imaging. In
these applications the probe (catheter) advances through the
blood pool and often may perform ultrasound imaging of its
surroundings. In FIG. 5(a) a forward looking ultrasound
image probe located in a vessel is illustrated. The ultrasound
beam steering is performed in front of the array (indicated a
grid located at a tip of the probe) within the volumetric field
of view 131. An identified ROI within this volumetric region
is denoted as 82. Here we also illustrated an extent of the
blood pool between the probe and the ROI. At an average
distance d,, a blood vessel wall is located. This wall separates
the blood pool, wherein the probe is advancing, from the soft
tissue, wherein the ROI is located. The ultrasound beams
transmitted by the array towards the ROI’s location would
need to travel through the blood pool along d,, cross the wall
and enter the soft tissue. Since scattering properties of blood
differ from the properties of soft tissues, the beam path
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analyzer 70 is arranged to analyze and identify a variation in
the attenuation slopes of the received echo signals, when
they travel through the blood pool and another soft tissue.
[0058] When an acoustic wave travels through a medium,
its intensity diminishes with distance due to scattering and
absorption. Scattering is the reflection of the sound in
directions other than its original direction of propagation.
Absorption is the conversion of the sound energy to other
forms of energy. The combined effect of scattering and
absorption is called attenuation. Ultrasonic attenuation is the
decay rate of the wave as it propagates through material. The
amplitude change of a decaying plane wave can be
expressed as:

A=Agexp(-ox),

wherein A, is the unattenuated amplitude of the propagating
acoustic wave at a reference location; the amplitude A is the
reduced amplitude after the wave has traveled a distance x
from the reference location; and «. is an attenuation coeffi-
cient expressed in dB/(MHzxcm) Attenuation coefficient is
generally proportional to the wave’s frequency. Attenuation
is generally proportional to the square of sound frequency.
Quoted values of attenuation are often given for a single
frequency. For example, typical tissue examples and their
attenuation coeflicients at a frequency of 1MHz are given in
the table below:

Attenuation coefficient

Tissue (dB/(MHz x cm)
Blood 0.2 (20° C.)
Brain 0.6

Breast 0.75
Cardiac 0.52
Liver 0.5
Muscle 1.09

[0059] As can be seen from the table, blood shows one of
the lowest attenuations.

[0060] Therefore, the amplitude on the acoustic wave
traveling the distance d, (in FIGS. 5a-b) through the blood
pool will be less attenuated compared to its attenuation after
traveling the same distance but through the soft tissue.
[0061] InFIG.5(b) a side looking ultrasound image probe
10 (such as IVUS) located in a vessel is illustrated. This
probe has an ultrasound array capable of ultrasound beam
steering in the direction petpendicular to a main axis of the
probe. When the probe advances through the blood pool in
the vessel the volumetric field of view 131 located at the side
of the probe is being imaged. Similarly as in a previous
example the ROI 82 within the volumetric region (ot a 2D
slice of the volumetric region) is shown as well as the
average distance d, to the blood vessel wall.

[0062] The function of the beam path analyzer of the
present invention may be realized in the following way.
[0063] The user (clinician) inputs via the user interface 38
a location of the ROI within the volumetric region. Based on
this input the ROT identifier 72 generates identification data,
which are further transmitted to the beam path analyzer 73.
The beam path analyzer can calculate a mean signal value
within the ROI along the penetration depth to obtain signal
as illustrated FIG. 6(a). Further, the beam path analyzer may
communicate to the beamformer to switch off the transmit
pulse and to receive noise signals originating from the
system. The latter reception represents a “noise image” or
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amount of noise present in the system. The beam path
analyzer 73 is further arranged to calculate a mean noise
value along the penetration depth within the same ROI.
Alternatively the mean signal and noise estimations can be
done using the approach described in Gibson et al., A
computerized quality control testing system for B-mode
ultrasound. Ultrasound in Medicine & Biology, 27(12),
1697-1711 (2001).

[0064] Both mean signal and noise depth variations can be
compensated for a time-gain control and plotted in a dB
scale as a function of depth as illustrated in FIG. 6(5). The
received data signal corresponding to the acoustic wave at a
given frequency and passing through the blood pool and the
soft tissues 42 would have two distinct slopes of the mono-
tonically decreasing segments, wherein each slope would be
defined by the attenuation within the tissue segment the
wave is traveling through. Since blood and tissue have a
different acoustic impedance one can observe tissue’s
boundary in an ultrasound image. The tissue also has a
higher back-scattering coeflicient than blood, therefore the
received data signal in curves 42 and 43 has a few dB
increase at the tissue’s boundary. An intersection between
the signal 42 and noise 40 curve determines a penetration
depth (or maximum distance from the probe, at which an
ultrasound image can be obtained) achievable by the ultra-
sound system. In the example of FIG. 6(b) the penetration
depth for the transmitted signal will be a sum of the distance
of 15 mm, which signal travels through the blood pool, and
the distance of 17.4 mm, which signals travels through the
soft tissue till its amplitudes is reduced to the undistinguish-
able noise level. The beam path analyzer 73 enables an
optimization of the drive pulse characteristics based on
different attenuation properties of different tissues. As can be
seen FIG. 6(b) the blood pool region attenuates the signal
less than the soft tissue region, which is manifested by a
smaller slope of the signal decrease in a “blood” segment
compared to a larger slope of the signal decrease in a
“tissue” segment (sharper reduction in the signals amplitude
with the same distance).

[0065] As soft tissue attenuation is proportional to the
acoustic wave frequency the penetration depth of the ultra-
sound system can be altered by varying the transmitted
beams frequency. FIG. 6c¢ illustrates this frequency variation
and gain in the penetration depth with said variation. Curve
44 corresponds to the depth attenuation of the ultrasound
beam having a frequency f1. This beam passes through the
blood pool located in between the probe and the ROI, said
blood pool having an extent of about 15 mm. The signal
curve intersects the noise curve 40 at the distance d1 from
the probe. If there was no blood pool in between the ROI and
probe, the amplitude of the ultrasound beam would be
attenuated higher in accordance with a single soft tissue
attenuation coefficient. Curve 44* shows the signal’s attenu-
ation in the absence of the blood. Curve 44* intersects the
noise curve 40 at more shallow depth d2.

[0066] Let us assume that the indicated by the user loca-
tion of the ROI within the volumetric region is positioned at
the distance d2. Prior art systems would calculate the
transmitted beam frequency based on the single soft tissue
attenuation coefficient. This would result in selecting the
beam frequency fl1. Therefore, providing the ultrasound
image data of the volume with a first spatial resolution
defined by fl.

Feb. 13,2020

[0067] The present invention via providing a beam path
analyzer 73 allows the ultrasound system to recognize the
presence of the blood pool in between the probe and the
ROI’s location. This information is used to the user’s benefit
for calculating an optimal image frequency, which enables
the same penetration depth d2 together with higher image
resolution. Curve 45 corresponds to the depth attenuation of
the ultrasound beam having a larger than f1 frequency f2.
Since the beam path analyzer takes into account the reduced
attenuation of the blood pool, the penetration depth for the
beam signal with f2 remains the same d2. However, the
increased transmission frequency f2 would result in the
larger resolution ultrasound image acquired by the ultra-
sound system 100. For comparison, curve 45%* shows the
signal’s attenuation for 2 in the absence of the blood. Curve
45* intersects the noise curve 40 at even shallower depth d0.

[0068] Therefore, the beam path analyzer 73 of the present
invention based on the measured attenuation of the tissue
within the field of view allows to optimize the driving pulse
characteristics of the CMUT array in order to achieve an
improved quality of acquired ultrasound images. The attenu-
ation depth variation analyzed by the beam path analyzer 73
may also include variable sensitivity of the CMUT at
different imaging frequencies (FIG. 4¢). This amplitude
compensation is illustrated in FIG. 6(c) by As.

[0069] The number of cycles affects the bandwidth and
pulse length proportionally, e.g. pulse of two cycles will
have half of the bandwidth and half of the pulse length as
compared to the pulse of a single cycle. In general, the center
frequency is not affected by the pulse length. The transmit
sensitivity increases with the increased number of pulses
which translates into a larger penetration depth. The higher
the duty factor the more energy is transmitted into the tissue,
therefore the penetration depth is better, which further
allows improving the depth of ultrasound assisted visual-
ization at the given frequency. The present invention allows
optimizing the driving characteristics: pulse frequency, duty
cycle and bias voltage, specific to the CMUT transducer in
order to provide an optimal ultrasound image of the given
region of interest depending on its anatomical environment.
The trade-off for the increased penetration depth due to the
increased duty factor is a potential reduction in axial reso-
lution: twice as long pulse gives two times lower axial
resolution, while lateral resolution remains about the same.
Therefore, it may be further beneficial for the user to be able
to select a set of two values for the spatial resolution: axial
and lateral.

[0070] Once the optimal drive pulse characteristics are
calculated the transducer controller 62 varies the bias and
a.c. voltages applied to the CMUT array 14 accordingly.
This can be understood in back reference to FIGS. 3(a) and
3(d), which explained that the resonance frequency of the
CMUT cell 103 in a collapsed state is a function of the
applied (DC) bias voltage. By adjusting the applied bias
voltage when generating ultrasonic pulses of a particular set
frequency via applying a stimulus having the appropriate set
frequency, pulses of different frequencies can be generated
exhibiting (near-)optimal acoustic performance of the
CMUT cell 103 for each pulse frequency. This therefore
ensures (near-) optimal imaging resolution over a large
bandwidth of the imaging spectrum. Acoustic wave attenu-
ation increases with increasing frequency, while ultrasound
image resolution improves with increasing frequency. To
meet optimal and penetration requirements reasonably, the
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frequency range for most diagnostic applications is 2 to 15
MHz. The lower portion of the range is useful when
increased depth (e.g., the region of interest is located deeper
in body) or high attenuation (e.g., in transcranial studies) is
encountered. The higher portion of the frequency range is
useful when little penetration is required (e.g. in imaging
breast, thyroid, or superficial vessel or in pediatric imaging).
In most large patients, 3-5 MHz is a satisfactory frequency,
whereas in thin patients and in children, 5 and 7.5 MHz often
can be used. A higher frequency range above 15 MHz can
provide high resolution imaging using intracavity (intravas-
cular) probes, such as IVUS, ICE, FL-ICE. These probes can
be positioned closer to the ROI inside body cavities, vessel,
etc.

[0071] Another application of the present invention can be
point-of-care, wherein portable (ultramobile) ultrasound
systems are used for to detect any internal bleeding (blood
pool in the stomach area, for example). In this case the
driving pulse characteristics of the array can be adjusted,
based on the presence and extent of the blood pool, such that
optimal penetration depth and resolution can be achieved in
order to assess any trauma of internal organs.

[0072] FIG. 7 illustrates an embodiment of the present
invention, wherein the probe’s position can be varied within
a volumetric field of view 131'. The probe, for example, can
be placed in a forward looking or end firing configuration
such that the probe can be easily translatable towards and
away from the ROI. This can be realized by providing the
intracavity probe such as IVUS (intravascular ultrasound),
ICE (intracardiac echocardiography), FL-ICE (forward
looking intracardiac echocardiography), for example as
described in EP1742580B.

[0073] The probe may include the transducer array in the
distal tip which is swept to scan a volumetric region. The
volume sweeping can be done either providing a mechanical
movement of the 1D array or an electronic steering of the
beams with the 2D array. The transducer array is contained
within a fluid chamber located at the distal tip of the probe,
wherein fluid provides an appropriate acoustic coupling
between the probe and the imaged volumetric region. As
illustrated in FIG. 1 the ultrasound system 100 may further
comprise a drive mechanism 21 coupled to the probe and the
ROI identifier 72 (optionally to the analyses unit 68'),
wherein the drive mechanism based on the identification
data acts to move the probe 10 during imaging. The drive
mechanism 21 also receives the signals from the position
sensor 52, which tracks the probe’s spatial location, thus
providing the probe’s movement within the volumetric field
of view 131'". This embodiment gives a higher flexibility to
the upper limit of the high frequencies with which the ROI
82' can be imaged. Once the ROI is identified the image
processor 68 computes coordinates of the ROI 82 and a
volumetric region 132 surrounding the identified ROI in the
volumetric field of view 131 based on the based on the
identification data. If the distance between the transducer
array 14 (or practically the probe 10) and the ROI is beyond
the penetration depth of the beams with the selected high
frequency, the drive mechanism 21 would be communicated
to move closer towards the ROI within the volumetric field
of view 131' (FIG. 7b), such that a “zoom-in” image of the
ROI can be acquired.

[0074] This invention combines benefits of miniaturized
CMUT transducers (enabled by advances in CMOS manu-
facturing) and variation in their operation band (enabled by
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the collapsed mode of operation) with a feedback loop to the
driving device providing the user with a new generation of
ultrasound system capable of automatically zooming-in and
out function within the volumetric region. A combination of
the wide frequency band of the CMUT array operating in the
collapsed mode with means to physically translate the probe
comprising this array enables a new user experience in
advanced ultrasound imaging with increased details and
therefore improved diagnostic imaging.

[0075] FIG. 8 illustrates a display 99 of 2D ultrasound
images displayed to the user with a wide view 80 and a detail
view 132" in a spatial registration with respect to each other.
This figure illustrated an embodiment, wherein the ultra-
sound system uses two different frequencies to image the
volumetric region: a higher frequency only for the region of
interest and a lower frequency for the rest of the volumetric
region. A representation 82 of the selected ROI 82' is
displayed at the increased imaging frequency in the detail
view 132'. Since the penetration depth of the ultrasound
beams with relatively high frequency is reduced compared
to the penetration depth of the ultrasound beams with the
relatively low frequency, an upper frequency limit of the
relatively high frequency range will be limited by a depth
(distance to the probe) at which the ROI is located and will
be taken into account by the image processer 68 during its
computation. The system 100 may first acquire ultrasound
data of the volumetric field of view with the relatively low
beam frequencies, thus providing surrounding context of the
volumetric region, and further “zoom-in” to the ROI 82
upon its identification. The detail view 132' of the ROI 82
can be updated in the real time next to the wide view 80
acquired previously and displayed for the context as illus-
trated in FIG. 8c.

[0076] Alternatively, the detail view 132' of the ROI 82
and the wide view 80 can be displayed next to each other. In
cardiology application during heart imaging the display and
acquisition of the ultrasound images may be synchronized
with heart cycle by an ECG gating.

[0077] In case the CMUT array 14 is a linear arrays the
transducer frequency controller 62 can address (drive) the
individual transducer cells 103 with different frequencies so
that the ROI is imaged at high frequency and that the other
elements are maintained at low frequencies. A representative
image acquired with the linear array is shown in FIG. 8.
[0078] An embedded real time high frequency detail view
132' image is generated simultaneous to a real time low
frequency wide view 80 image. This has the advantage that
the surrounding context is still imaged (albeit at lower
solution) in real time with relatively higher depth to allow
for example orientation and navigation of tools that occur in
the periphery of the ROI. It is also possible to obtain similar
images if the CMUT array 14 is a phased array as shown in
FIG. 8(a) and FIG. 8(c). In the phased array case the
beamforming is performed such that for each line that
constitutes the image, an appropriate frequency for all the
transducers is chosen such that a high frequency detail view
132" image is imbedded in the wide view 80 image contain-
ing lower frequency lines. If both views: the detail view 132'
of the ROI 82 and the wide view 80 are updated in real time,
the system comprising the phased array can continually
acquire first all lines of the volumetric field of view 131
volume at low frequency and then all lines the volumetric
region 132 surrounding the identified ROI 82 with higher
frequency. The acquired view can by further interleaved or
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interpolated into one ultrasound image. This is illustrated in
FIG. 8(¢). In alternative acquisition workflow the wide view
80 is updated beyond detail view 132', wherein the resulting
image displayed to the user is illustrated in FIG. 8a. The
former has the advantage of real time views of the whole
volume, e.g. to track interventional devices. The latter has
the advantage that less lines are acquired and a higher frame
rate can be achieved.

[0079] FIG. 9 illustrates a workflow 200 of image acqui-
sition according to the present invention. At step 201 the
volumetric field of view 131 is imaged with the ultrasound
beam having optimal driving pulse characteristics corre-
sponding to the soft tissue imaging. In step 202 the ROI 82
is detected by the identifier, for example, or based on the
user input. In an altemative step 203 outlines of the ROI may
be displayed to the user. At this stage the user can also
manually interact via the user interface 38 with the systems
100 adjusting the size and/or location of the ROI. The user
can also select values for the desired spatial resolution (axial
and lateral resolutions). Further, in step 204 the beam path
analyzer 73, based on the identification data, analyses a
depth variation in attenuation of the received signals and
further detects an attenuating tissue type. In step 205 the
transducer controller 100 based on the attenuating tissue
type detection would change at least one parameter of the
driving pulse characteristics such that the detail view of the
ROI with increased resolution can be acquired.

[0080] For example, for the given frequency set by the
controller based on the attenuating tissue type detection the
ratio of the selected axial and lateral resolutions can be also
taken into account by the controller. In this case a further
adjustment of the duty factor would provide the ultrasound
data with selected axial and lateral resolutions. In step 206
the wide and detailed fields of view based on the acquired
ultrasound data are displayed to the user.

[0081] In FIG. 10 illustrates a workflow 300 for image
acquisition according to another embodiment of the present
invention. At step 301 the volumetric field of view 131 is
acquired. In step 302 the ROI 82 is detected by the identifier.
In step 303 outlines of the ROI may be displayed to the user.
At this stage the user selects the desired resolution (or
frequency) of the detail view of the ROI and can also
manually interact via the user interface 38 with the systems
100 adjusting the size and/or location of the ROI. In parallel,
in step 307 the image processor 68 computes the distance
from the probe to the most distant edge of RIO. Further, in
step 304 the beam path analyzer 73, based on the identifi-
cation data, analyses a depth variation in attenuation of the
received signals and further detects an attenuating tissue
type. In step 309 based on this information the image
processor 68 computes the penetration depth corresponding
to the selected resolution (frequency). In step 308 the
distance between the probe and the ROI is compared to the
penetration depth, wherein the detected tissue type is taken
into account. If the computed penetration depth is larger than
the distance to the ROI, then the workflow is followed by
step 305, in which the system 100 acquires the detail view
of the ROI with the selected resolution and the optimized
drive pulse characteristics for the selected frequency. If the
computed penetration depth is smaller than the distance to
the ROI, then the workflow is followed by step 310, in which
the drive mechanism provides probe’s movement towards
the ROI’s location. A movement distance is determined by
the ROI location, detected attenuation tissue type and the
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selected (object), such that the probe cannot be moved
further, the system 100" may provide a feedback to the user
with a computed optimal resolution at which the ROI can be
acquired taking into account anatomy limitations. Further,
system 100 acquires the detail view of the ROI with the
selected resolution or optimal suggested resolution in step
305. In step 306 the wide and detailed fields of view are
displayed to the user.

[0082] It shall be understood by the person skilled in the
art that the principles of the present invention can be
practiced in both 2D and 3D ultrasound imaging.

[0083] A single unit or device 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.

[0084] A computer program may be stored/distributed 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 telecommuni-
cation systems.

[0085] Any reference signs in the claims should not be
construed as limiting the scope.

1. An ultrasound system for imaging a volumetric region
comprising a region of interest comprising:

an array of CMUT transducers adapted to transmit ultra-
sound beams and receive returning echo signals over
the volumetric region;

a beamformer coupled to the array and adapted to control
ultrasound beam transmission and provide ultrasound
image data of the volumetric region;

a transducer controller coupled to the beamformer and
adapted to vary driving pulse characteristics of the
CMUT transducers,

a region of interest identifier enabling an identification of
the region of interest on the basis of the ultrasound
image data, and which identifier is adapted to generate
identification data indicating the region of interest
within the volumetric region;

a beam path analyzer responsive to the identification data
and coupled to the beamformer, said beam path ana-
lyzer arranged to detect an attenuating tissue type in
between the array and the ROI based on a depth
variation in attenuation of the received signal;

wherein

the transducer controller is further adapted to adjust,
based on the attenuating tissue type detection, at least
one parameter of the driving pulse characteristics.

2. The ultrasound system according to claim 1 further

comprising a probe having the array of CMUT transducers.

3. The ultrasound system according to claim 1, wherein
the attenuating tissue type comprises blood exhibiting a first
attenuation coeflicient and a soft tissue exhibiting a second
attenuation coefficient, wherein the second attenuation coef-
ficient is larger than the first one.

4. The ultrasound system according to claim 3, wherein
the at least one parameter of the driving pulse characteristics
is an ultrasound beam frequency or a D.C. bias voltage
applied to the CMUT transducers.

5. The ultrasound system according to claim 4, wherein,
when the beam path analyzer detects blood in between the
array and the ROI, the transducer controller is arranged to
change the ultrasound frequency from a first frequency to a
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second frequency being larger than the first frequency,
wherein said first frequency is an optimal frequency for the
soft tissue imaging.

6. The ultrasound system according to claim 4, wherein
the transducer controller is further adapted to adjust a second
parameter of the driving pulse characteristics second param-
eter being a duty factor.

7. The ultrasound system according to claim 6, wherein,
when the beam path analyzer detects blood in between the
array and the ROI, the transducer controller arranged to
change the ultrasound frequency from a first frequency to a
second frequency being higher than the first frequency; and
a first duty factor to a second duty factor being higher than
the first duty factor, wherein said first frequency and first
duty factor are optimal driving pulse characteristics for the
soft tissue imaging.

8. The ultrasound system according to claim 1, wherein
the transducer controller is adapted to adjust at least one
parameter of the driving pulse characteristics only for the
ultrasound beams transmitted within the ROI.

9. The ultrasound system according to claim 8, wherein
the beamformer arranged to provide the ultrasound image
data having a relatively low spatial resolution within the
volumetric region and relatively high spatial resolution
within the region of interest.

10. The ultrasound system according to claim 9 further
comprising an image processor responsive to the ultrasound
image data, based on which it is adapted to produce an
ultrasound image, wherein the image processor arranged to
produce a wide view of the volumetric region based of the
low spatial resolution data and a detail view of the region of
interest based on the high spatial resolution data.

11. The ultrasound system according to claim 10 further
comprising an image display coupled to the image proces-
sor, arranged to display both the wide view of the volumetric
region and the detail view of the region of interest.
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12. The ultrasound system according to claim 11 further
comprising a user interface coupled to the ROI identifier and
responsive to a manual selection of the ROI within the
volumetric region.

13. The ultrasound system according to claim 5, wherein
the beam path analyzer is further arranged to calculate an
extent of a blood pool being in contact with the probe, said
blood pool comprising blood.

14. The ultrasound system according to claim 13, wherein
the second frequency and/or the second form factor have
values defined by the extent of the blood pool.

15. The ultrasound system according to claim 2, wherein
the probe is a catheter.

16. A method of variable frequency ultrasound imaging of
a volumetric region comprising a region of interest, wherein
the method comprises:

steering with an array of CMUT transducers ultrasound

beams having optimal driving pulse characteristics for
the soft tissue imaging over the volumetric region;
providing ultrasound image data based on the received
echo signals corresponding to the optimal driving pulse
characteristics of the volumetric region;
generating identification data indicating the region of
interest in the ultrasound image data within the volu-
metric region;

analyzing the identification data and depth variation in

attenuation of the received signals and further detection
of an attenuating tissue type in between the array and
the ROI; and

changing, based on the attenuating tissue type detection,

at least one parameter of the driving pulse character-
istics.

17. The method according to claim 16, wherein the
attenuation tissue type is blood and analyzing includes
calculating an extent of a blood pool being in contact with
a probe housing the array, wherein said blood pool com-
prises blood.
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