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(7) ABSTRACT

The present invention provides an ultrasound imaging sys-
tem and an ultrasound imaging method for improving the
imaging quality of the desired imaging plane in the volume
of interest of a subject. According to the present invention,
it is possible to directly scan the desired imaging plane by
exploiting the capability of a 2D matrix ultrasound trans-
ducer and/or the flexibility of the position/orientation of the
ultrasound probe. In some cases, the setting parameters of
the transducer elements can be adjusted so that the ultra-
sound signal transmitted from the transducer elements is
able to derive ultrasound echo data of the desired imaging
plane without moving the probe. In other cases where the
desired imaging plane cannot be directly scanned without
changing the position/orientation of the ultrasound probe,
the position/orientation of the ultrasound probe can be
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adjusted by means of user interaction, namely by outputting
the instruction for guiding the user to move the probe so as
to enable direct scanning of the desired imaging plane. In
this way, the image of the desired imaging plane is not
reconstructed by interpolation of the ultrasound echo data of
the plurality of scanning planes (which are determined by
the setting parameters of the transducer elements), but
instead it is reconstructed from the ultrasound echo data of
the desired imaging plane itself. In other words, the desired
imaging plane is directly scanned. Thus, the image quality of
the desired imaging plane is improved and may help doctors
conduct a more accurate diagnosis.
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1
ULTRASOUND IMAGING SYSTEM AND AN
ULTRASOUND IMAGING METHOD

This application is the U.S. National Phase application
under 35 US.C. §371 of International Application No.
PCT/EP2015/051039, filed on Jan. 21, 2015, which claims
the benefit of European Patent Application No. 14168419.1,
filed May 15, 2014, and of International Application No.
PCT/CN2014/071553, filed Jan. 27, 2014. These applica-
tions are hereby incorporated by reference herein.

FIELD OF THE INVENTION

The present invention relates to ultrasound imaging, more
particularly to an ultrasound imaging system and an ultra-
sound imaging method for improving the imaging quality of
the desired imaging plane in the volume of interest of a
subject.

BACKGROUND OF THE INVENTION

A conventional one-dimensional (1D) ultrasound probe
comprises a line of transducer elements from which ultra-
sonic signals may be emitted. Furthermore, an image plane
underneath the transducer elements may be observed by
detecting echoes of reflected ultrasonic signals coming from
inhomogeneities of the observed region. By correctly posi-
tioning and moving the ultrasound transducer, a volume of
interest of the subject comprising for example a lesion may
be observed.

In ultrasound imaging of a volume of interest, a clinical
challenge for doctors—especially junior doctors—is how to
find an imaging plane for the volume of interest which is
suitable or desirable for a certain clinical purpose. Support-
ing doctors to find the desired imaging plane is very valuable
and highly required for clinical doctors. From the point of
view of computerized techniques, the 2D image data
acquired by the one-dimensional ultrasound probe may not
provide sufficient information to do this, since the human
body is a 3D object. Currently, the research work done for
this goal is mainly based on 3D (acquired by using a matrix
transducer comprising a two-dimensional array of trans-
ducer elements) or higher-dimensional data and once the
high-dimensional data is obtained, the desired imaging plane
with the object that doctors want to see may be determined
and the corresponding 2D image of the desired imaging
plane is displayed.

As regards the two-dimensional matrix ultrasound trans-
ducer, such a transducer may comprise an array of ultra-
sound transducer elements arranged in columns and rows.
The transducer array face may still be rectangular as in the
case of a one-dimensional ultrasound transducer, but the
array of transducer elements is arranged in a two-dimen-
sional matrix. This additional complexity may allow ultra-
sound beams to be steered and focused through a three-
dimensional space rather than in only a plane. As is known
to those skilled in the art, the two-dimensional matrix
ultrasound transducer may acquire the three-dimensional
volume data of the volume of interest from ultrasound echo
data of a plurality of scanning planes in the volume of
interest. The plurality of scanning planes may be determined
by the setting parameters for the transducer elements, for
example, which lines or rows are to be enabled, and the
beam-forming parameters for the enabled elements.

Once the three-dimensional volume data of the volume of
interest is acquired, any desired image plane can be recon-
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structed via computer processing algorithms, for example,
by interpolation of the ultrasound echo data of the plurality
of scanning planes.

Nevertheless, although it may be easier for doctors to find
the desired imaging plane for the volume of interest with a
two-dimensional matrix ultrasound transducer, the quality of
the reconstructed and displayed 2D image of the desired
imaging plane may be unsatisfactory.

Specifically, current automated means to reconstruct the
2D image of the desired imaging plane have some disad-
vantages, for example fixed enablement of the transmit
elements of the matrix transducer regardless of the desirable
imaging plane, etc. In other words, the image of the deter-
mined desired imaging plane may not be constructed in the
transmit direction of the ultrasound signal. Since the ultra-
sound signal will have a signal focusing process and the
corresponding interpolation process, if the image of the
desired imaging plane is not generated in the transmit
direction (i.e., not generated by the ultrasound echo data of
the desired imaging plane itself) but reconstructed by inter-
polation of the ultrasound echo data of the plurality of
scanning planes in the volume of interest, the quality of the
constructed 2D image may be highly affected and sometimes
clinical diagnosis cannot be performed for some applications
where a high data quality is required.

SUMMARY OF THE INVENTION

Therefore, there is a need for a novel ultrasound imaging
system and method, which is capable of improving the
imaging quality of the desired imaging plane.

In accordance with an aspect of the present invention,
there is proposed an ultrasound imaging system, comprising:

an ultrasound probe with a two-dimensional array of
transducer elements, for transmitting ultrasound signals and
acquiring three-dimensional volume data of a volume of
interest of a subject when the probe is positioned at a first
position on the subject and tilted at a first angle relative to
the volume of interest and the transducer elements of the
probe have a first set of setting parameters, wherein the
three-dimensional volume data of the volume of interest
comprises ultrasound echo data of a plurality of scanning
planes defined by the first set of setting parameters;

a processing unit for determining a desired imaging plane
for the volume of interest in accordance with the three-
dimensional volume data and for determining a result
whether there 1s a second set of setting parameters such that
the ultrasound signal transmitted from the transducer ele-
ments having the second set of setting parameters is able to
acquire ultrasound echo data of the desired imaging plane
without moving the probe, wherein the processing unit is
further configured to derive—if the result is YES—the
second set of setting parameters, and to derive—if the result
is NO—a second position, a second angle and a third set of
setting parameters such that when the probe is moved to the
second position on the subject and tilted at the second angle
relative to the volume of interest, the ultrasound signal
transmitted from the transducer elements having the third set
of setting parameters is able to derive ultrasound echo data
of the desired imaging plane;

a transducer controller for adjusting the transducer ele-
ments in accordance with the derived second set of setting
parameters if the result is Yes, and adjusting the transducer
elements in accordance with the derived third set of setting
parameters if the result is NO; and
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a display for, if the result is NO, outputting an instruction
to guide a user of the ultrasound imaging system to move the
probe so as to be positioned at the second position and tilted
at the second angle.

In this way, it is possible to directly scan the desired
imaging plane by exploiting the capability of a 2D matrix
ultrasound transducer and/or the flexibility of the position/
orientation of the ultrasound probe. In some cases, the
setting parameters of the transducer elements can be
adjusted so that the ultrasound signal transmitted from the
transducer elements is able to derive ultrasound echo data of
the desired imaging plane without moving the probe. In
other cases where the desired imaging plane cannot be
directly scanned without changing the position/orientation
of the ultrasound probe, the adjustment of the position/
orientation of the ultrasound probe is possible by means of
user interaction, namely outputting the instruction for guid-
ing the user to move the probe so as to enable direct scanning
of the desired imaging plane.

In this way, the image of the desired imaging plane is not
reconstructed by interpolation of the ultrasound echo data of
the plurality of scanning planes (which are determined by
the setting parameters of the transducer elements), but the
image is reconstructed from the ultrasound echo data of the
desired imaging plane itself. In other words, the desired
imaging plane is directly scanned. Thus, the image quality of
the desired imaging plane is improved and may help doctors
conduct a more accurate diagnosis.

In an embodiment of the present invention, the setting
parameters of the transducer elements comprise which trans-
ducer elements are to be enabled and the beam-forming
parameters for the enabled transducer elements.

As can be understood by those skilled in the art, the
beam-forming parameters of the transducer elements may
comprise, for example, the phase of the ultrasound signals
transmitted by each of the enabled transducer elements
and/or the beam-forming vectors adopted in the beam-
forming element on the receiving side to synthesize the echo
data of the ultrasound signals transmitted by the enabled
transducer elements.

In an embodiment of the present invention, the elements
of the transducer that should be enabled are determined first,
and then the beam-forming parameters for the enabled
elements are determined.

By first determining the corresponding elements of the
transducer that should be enabled, it is possible to prelimi-
narily constrain the set of planes that can be imaged in the
volume of interest. Meanwhile, by not enabling all the
elements the processing cost is reduced. Furthermore, the
corresponding detailed direction of the transmitting signal is
then determined by adjusting beam-forming parameters for
the enabled elements. In this way, the transmitting signal
from the enabled elements uniquely corresponds to the
desired imaging plane.

In an embodiment of the present invention, the processing
unit is configured to automatically determine the desired
imaging plane for the volume of interest in accordance with
the three-dimensional volume data, a clinical objective and
a predetermined model.

By gaining prior-knowledge of the planes that doctors
want to see, it is possible to have different options available
if a predetermined model has been set for different clinical
objectives. The plane detection methods could be different
Hough transforms, segmentation-based methods or graphi-
cal models of different objects, etc. It should be noted that
automatic determination of the desired imaging plane is
realized in real-time here, which could provide more infor-
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mation for the whole of the process and for the following
scanning plan as compared with conventional approaches.

In another embodiment of the present invention, the
ultrasound imaging system may further comprise a user
interface for receiving the user’s input. In this case, the
display may be further configured to display a plurality of
images reconstructed from the three-dimensional volume
data, and the processing unit may be further configured to
determine the desired imaging plane for the volume of
interest in accordance with the user’s manual selection based
on the plurality of images reconstructed from the three-
dimensional volume data.

If the automatically determined imaging plane is not good
enough or the automatic option is not available, doctors need
to find the plane by themselves. Within the three-dimen-
sional volume data, doctors manually move the plane and
the plane position should be displayed in the current total 3D
data. Since this should be performed in real-time during the
scanning process, the interpretation of the displayed 2D
image should not be more complicated than the conventional
scanning operation. Meanwhile spatial information is pro-
vided, which makes it more convenient for doctors to
interpret the image.

In accordance with another aspect of the present inven-
tion, there is proposed an ultrasound imaging method,
comprising:

transmitting ultrasound signals and acquiring three-di-
mensional volume data of a volume of interest of a subject
with an ultrasound probe having a two-dimensional array of
transducer elements, wherein the probe is positioned at a
first position on the subject and tilted at a first angle relative
to the volume of interest and the transducer elements of the
probe have a first set of setting parameters, and wherein the
three-dimensional volume data of the volume of interest
comprises ultrasound echo data of a plurality of scanning
planes defined by the first set of setting parameters;

determining a desired imaging plane for the volume of
interest in accordance with the three-dimensional volume
data;

determining a result whether there is a second set of
setting parameters such that the ultrasound signal transmit-
ted from the transducer elements having the second set of
setting parameters is able to acquire ultrasound echo data of
the desired imaging plane without moving the probe;

deriving—if the result is YES:—the second set of setting
parameters, and—if the result is NO:—deriving a second
position, a second angle and a third set of setting parameters
such that when the probe is moved to the second position on
the subject and tilted at the second angle relative to the
volume of interest, the ultrasound signal transmitted from
the transducer elements having the third set of setting
parameters is able to derive ultrasound echo data of the
desired imaging plane; and

adjusting the transducer elements in accordance with the
derived second set of setting parameters if the result is Yes,
and outputting an instruction to guide a user of the ultra-
sound imaging system to move the probe so as to be
positioned at the second position and tilted at the second
angle and adjusting the transducer elements in accordance
with the derived third set of setting parameters if the result
is NO.

As mentioned above, the ultrasound imaging method
according to the present invention may improve the image
quality of the desired imaging plane and may help doctors
conduct a more accurate diagnosis since the image of the
desired imaging plane is not reconstructed by processing the
imaging data of one or more imaging planes different from
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the desired imaging plane but by directly processing the
imaging data of the desired imaging plane.

Various aspects and features of the disclosure are
described in further detail below. These and other aspects of
the invention will be apparent from and elucidated with
reference to the embodiment(s) described hereinafter.

DESCRIPTION OF THE DRAWINGS

The present invention will be described and explained
hereinafter in more detail in combination with embodiments
and with reference to the drawings, wherein:

FIG. 1 is a block diagram of an ultrasound imaging
system 10 according to the present invention;

FIG. 2 is a block diagram of an ultrasound imaging
method 20 according to the present invention;

FIG. 3a illustrates a condition where the desired imaging
plane is intersected with the two-dimensional array of trans-
ducer elements, and FIG. 35 illustrates a condition where the
desired imaging plane is not intersected with the two-
dimensional array of transducer elements; and

FIG. 4a and FIG. 45 illustrate, in the case of FIG. 35, how
the display of the ultrasound imaging system 10 outputs an
instruction to guide a user of the ultrasound imaging system
to move the probe according to an embodiment of the
present invention.

The same reference signs in the figures indicate similar or
corresponding features and/or functionalities.

DETAILED DESCRIPTION

The present invention will be described with respect to
particular embodiments and with reference to certain draw-
ings but the invention is not limited thereto but only by the
claims. The drawings described are only schematic and are
non-limiting. In the drawings, the size of some of the
elements may be exaggerated and not drawn to scale for
illustrative purposes.

FIG. 1 is a block diagram of an ultrasound imaging
system 10 according to the present invention.

In the following, details of the ultrasound imaging system
10 will be described in conjunction with FIG. 2, which is a
block diagram of the ultrasound imaging method 20 accord-
ing to the present invention.

As can be seen from FIG. 1, the ultrasound imaging
system 10 of the present invention comprises an ultrasound
probe 11. According to the present invention, a two-dimen-
sional array of transducer elements 110 is utilized in the
probe 11, for transmitting ultrasound signals and acquiring
three-dimensional volume data of a volume of interest of a
subject (step 21 in FIG. 2). For example, the subject may be
a patient and the volume of interest of the subject may be an
organ of the patient.

In the following, the position at which the probe 11 is
positioned on the subject when the three-dimensional vol-
ume data is acquired is referred to as the first position and
the angle at which the probe is tilted relative to the volume
of interest is referred to as the first angle.

Furthermore, as can be easily understood by those skilled
in the art, a two-dimensional matrix ultrasound transducer
may comprise an array of ultrasound transducer elements
110 arranged in columns and rows. The transducer array face
may still be rectangular as in the case of a one-dimensional
ultrasound transducer, but the array of transducer elements
is arranged in a two-dimensional matrix. At the time of
acquiring the three-dimensional volume data, a first set of
setting parameters is predetermined for the transducer ele-
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ments 110 of the probe 11. In other words, the first set of
setting parameters determines which transducer elements
are to be enabled as well as the beam-forming parameters for
the enabled transducer elements. Therefore, the first set of
setting parameters determines that a plurality of scanning
planes of the two-dimensional matrix ultrasound transducer
are arranged in columns or in rows, or even in diagonal
directions. Accordingly, the acquired three-dimensional vol-
ume data of the volume of interest comprises ultrasound
echo data of the plurality of scanning planes defined by the
first set of setting parameters.

As can be seen from FIG. 1, the ultrasound imaging
system 10 according to an embodiment of the present
invention further comprises a processing unit 12 for deter-
mining a desired imaging plane 1 for the volume of interest
in accordance with the three-dimensional volume data (step
21 in FIG. 2).

In an embodiment of the present invention, the processing
unit 12 may be configured to automatically determine the
desired imaging plane 1 for the volume of interest in
accordance with the acquired three-dimensional volume
data, a clinical objective and a predetermined model.

By gaining prior-knowledge of the planes that doctors
want to see, different options can be made available if a
predetermined model has been set for different clinical
objectives. The plane detection methods could be different
Hough transforms, segmentation-based methods or graphi-
cal models of different objects, etc. It should be noted that
the automatic determination of the desired imaging plane is
realized in real-time here, which could provide more infor-
mation for the whole of the process and for a following
scanning plan as compared with conventional approaches.

In another embodiment of the present invention, the
ultrasound imaging system 10 may further comprise a user
interface for receiving the user’s input. In this case, the
display may be further configured to display a plurality of
images reconstructed from the three-dimensional volume
data, and the processing unit 12 may be further configured
to determine the desired imaging plane 1 for the volume of
interest in accordance with the user’s manual selection based
on the plurality of images reconstructed from the three-
dimensional volume data.

If the automatically determined imaging plane is not good
enough or the automatic option is not available, the ultra-
sound system can be further configured to allow doctors to
find the plane by themselves. Within the three-dimensional
volume data, doctors can be provided with means to manu-
ally move the plane, and the plane position should be
displayed in the current total 3D data. Since this should be
performed in real-time during the scanning process, the
interpretation of the displayed 2D image should not be more
complicated than the conventional scanning operation.
Meanwhile the spatial information is provided, which makes
it more convenient for doctors to interpret the image.

As can be easily understood by those skilled in the art, the
desired imaging plane 1 for the volume of interest is
determined by considering the particular anatomical struc-
ture of the volume of interest and the particular target in the
volume of interest, for example a potential lesion, and
therefore is usually not one of the scanning planes. However,
only the image of the scanning plane is generated from the
transmitting signal in the transmit direction. If the desired
imaging plane 1 is not one of the scanning planes, the image
thereof is not reconstructed in the transmit direction of the
ultrasound signal, i.e., not generated by the ultrasound echo
data of the desired imaging plane itself, but reconstructed by
interpolation of the ultrasound echo data of the plurality of
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scanning planes in the volume of interest, but the quality of
the reconstructed 2D image may be highly adversely
affected and sometimes clinical diagnosis cannot be per-
formed for applications where high data quality is required.

In view of the above, the present invention exploits the
capability of a 2D matrix ultrasound transducer, in which the
enabled transducer elements and the beam-forming param-
eters for the enabled elements may be adjusted so that the
ultrasound signal transmitted from the enabled transducer
elements is able to derive ultrasound echo data of the desired
imaging plane without moving the probe or after moving the
probe to another position and tilted at another angle relative
to the volume of interest.

Accordingly, the processing unit 12 of the present inven-
tion is further used to determine a result whether there is a
second set of setting parameters such that the ultrasound
signal transmitted from the transducer elements having the
second set of setting parameters is able to acquire ultrasound
echo data of the desired imaging plane without moving the
probe 11 (step 23 in FIG. 2).

If the result is YES, the processing unit 12 is further
configured to derive the second set of setting parameters
(step 24 in FIG. 2). In this case, a transducer controller 13
comprised in the ultrasound imaging system 10 then adjusts
the transducer elements 110 in accordance with the derived
second set of setting parameters (step 25 in FIG. 2).

However, if the result is NO, i.e., if the probe 11 has to be
moved (i.e., either one of'the first position and the first angle,
or even both of the first position and the first angle have to
be changed), the processing unit 12 is further configured to
derive a second position and a second angle for the probe 11
and derive a third set of setting parameters for the transducer
elements 110 such that when the probe 11 is moved to the
second position on the subject and tilted at the second angle
relative to the volume of interest, the ultrasound signal
transmitted from the transducer elements having the third set
of setting parameters is able to derive ultrasound echo data
of the desired imaging plane (step 26 in FIG. 2). In this case,
the transducer controller 13 then adjusts the transducer
elements 110 in accordance with the derived third set of
setting parameters (step 27 in FIG. 2).

In an embodiment of the present invention, the processing
unit 12 performs steps 23, 24 and 26 based on the spatial
positional relationship between the first position and the first
angle of the probe and the desired imaging plane 1 and based
on the layout of the transducer elements 110.

The ultrasound imaging system 10 according to an
embodiment of the present invention further comprises a
display 14. If the result is NO, i.e., if the probe 11 has to be
moved, the display 14 is used to output an instruction to
guide a user of the ultrasound imaging system 10 to move
the probe 11 so as to be positioned at the second position and
tilted at the second angle. The schematic view of how to
guide the user to move the probe 11 is shown in FIG. 4a and
FIG. 4b, and will be explained hereinafter.

In an embodiment of the present invention, the display 14
is further configured to display an image of the desired
imaging plane 1, which is reconstructed from the ultrasound
echo data of the desired imaging plane 1.

In this way, the image of the desired imaging plane 1 is
not reconstructed by interpolation of the ultrasound echo
data of the plurality of scanning planes (which correspond to
the ultrasound signals transmitted from the initial enabled
elements and initial beam-forming parameters), but recon-
structed from the ultrasound echo data of the desired imag-
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ing plane itself. Thus, the image quality of the desired
imaging plane 1 is improved and may help doctors conduct
a more accurate diagnosis.

The details of step 23, i.e., the determination of whether
there is a second set of setting parameters such that the
ultrasound signal transmitted from the transducer elements
having the second set of setting parameters is able to acquire
ultrasound echo data of the desired imaging plane without
moving the probe 11 is further elaborated hereinafter in
conjunction with FIGS. 3a and 35, which illustrate, respec-
tively, a condition where the desired imaging plane 1 is
intersected with the two-dimensional array of transducer
elements 110, and a condition where the desired imaging
plane 1 is not intersected with the two-dimensional array of
transducer elements 110.

As can be understood from FIG. 34, in the case that the
desired imaging plane 1 is intersected with the two-dimen-
sional array of transducer elements 110, it is determined that
the result is YES, ie., there is a second set of setting
parameters such that the ultrasound signal transmitted from
the transducer elements having the second set of setting
parameters is able to acquire ultrasound echo data of the
desired imaging plane without moving the probe 11.

Accordingly, the transducer elements on the intersection
line 1a would be enabled and the transducer elements
adjacent to the intersection line 1a would usually be enabled.
This may preliminarily constrain the set of planes that can be
imaged in the volume of interest.

Furthermore, the corresponding detailed direction of the
transmitting signal is determined by adjusting beam-forming
parameters for the enabled elements. In this way, the trans-
mitting signal from the enabled elements uniquely corre-
sponds to the desired imaging plane 1.

As can be understood from FIG. 35, in the case that the
desired imaging plane 1 is not intersected with the two-
dimensional array of transducer elements 110, it is deter-
mined that the result is NO, i.e., there is not a second set of
setting parameters such that the ultrasound signal transmit-
ted from the transducer elements having the second set of
setting parameters is able to acquire ultrasound echo data of
the desired imaging plane without moving the probe 11. In
other words, according to the limited scale of the two-
dimensional array of transducer elements 110, the desired
imaging plane 1, which is not intersected with the two-
dimensional array of transducer elements 110, cannot be
imaged with a real transmitting signal of the elements
without moving the probe to another position different from
the first position.

As mentioned above, if the result is NO, i.e., if the probe
11 has to be moved, the processing unit 12 is further
configured to derive a second position and a second angle for
the probe 11 and derive a third set of setting parameters for
the transducer elements 110 such that when the probe 11 is
moved to the second position on the subject and tilted at the
second angle relative to the volume of interest, the ultra-
sound signal transmitted from the transducer elements hav-
ing the third set of setting parameters is able to derive
ultrasound echo data of the desired imaging plane (step 26
in FIG. 2).

As can be easily understood by those skilled in the art,
usually the second position and the second angle are both
different from the first position and the first angle. However,
in some cases, the second angle may be the same as the first
angle.

FIG. 4a and FIG. 454 illustrate, in the case of FIG. 35, how
the display 14 of the ultrasound imaging system outputs an
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instruction to guide a user of the ultrasound imaging system
to move the probe according to an embodiment of the
present invention.

As mentioned above, in the case of FIG. 35, the desired
imaging plane 1 is not intersected with the two-dimensional
array of transducer elements 110. As shown in FIGS. 4a and
4b, according to the layout of the transducer elements 110,
a middle reference plane 2, which is underneath the centet-
line of the array of transducer elements 110, could be
determined. Furthermore, according to the spatial positional
relationship between the first position and the first angle of
the probe 11 and the desired imaging plane 1, the second
position, the second angle and the third set of setting
parameters such that when the probe 11 is moved to the
second position on the subject and tilted at the second angle
relative to the volume of interest, the ultrasound signal
transmitted from the transducer elements 110 having the
third set of setting parameters is able to derive ultrasound
echo data of the desired imaging plane 1.

For example, according to the spatial positional relation-
ship between the middle reference plane 2 and the plane 3
in a 3D space containing the desired imaging plane 1, the
processing unit 12 is able to calculate the second position
that the probe 11 should be moved to. Further, according to
the spatial positional relationship between the centerline of
the array of transducer elements 110 and the intersection line
15 of the middle reference plane 2 with the desired imaging
plane 1, the processing unit 12 is able to calculate the second
angle at which the probe 11 should be tilted relative to the
volume of interest. After that, the processing unit 12 may
derive that, at the second position and the second angle, the
transducer elements on the centerline of the array (and some
elements adjacent to the centerline) should be enabled and
the beam-forming parameters for the enabled transducer
elements could be determined accordingly, so that the
desired imaging plane 1 could be directly obtained by the
transmitting signal from the enabled elements.

As can be understood by those skilled in the art, the
above-mentioned middle reference plane 2 is only used as an
embodiment; other reference planes may also be used and
the second position, the second angle and the third set of
setting parameters could be similarly derived according to
the selection of the reference plane.

If the second position and the second angle have been
derived, the display 14 of the ultrasound imaging system 10
then outputs an instruction to guide a user of the ultrasound
imaging system 10 to move the probe 11, for example the
moving direction indicated by I, in FIG. 45 to guide the user
to move the probe 11 to the second position and the rotation
direction indicated by I, in FIG. 4b to guide the user to
achieve the second angle of the probe 11. The instruction can
be output in a format of text, graphics, or a combination
thereof. In some embodiments, the display 14 is capable of
outputting audio, and the instruction can be output in an
audio format.

Furthermore, as can be easily understood by those skilled
in the art, in the apparatus claim enumerating several means,
several of these means can be embodied by one and the same
item of hardware. 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.

It should be noted that the above-mentioned embodiments
illustrate rather than limit the invention and that those skilled
in the art would be able to design alternative embodiments
without departing from the scope of the appended claims. In
the claims, any reference signs placed between parentheses
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shall not be construed as limiting the claim. The word
“comprising” does not exclude the presence of elements or
steps not listed in a claim or in the description. The word “a”
or “an” preceding an element does not exclude the presence
of a plurality of such elements. In the system claims enu-
merating several units, several of these units can be embod-
ied by one and the same item of software and/or hardware.
The usage of the words first, second and third, et cetera, does
not indicate any ordering. These words are to be interpreted
as names.

The invention claimed is:

1. An ultrasound imaging system, comprising;

an ultrasound probe with a two-dimensional array of
transducer elements, for transmitting ultrasound signals
and acquiring three-dimensional volume data of a vol-
ume of interest of a subject when the probe is posi-
tioned at a first position on the subject and tilted at a
first angle relative to the volume of interest and the
transducer elements of the probe have a first set of
setting parameters, wherein the three-dimensional vol-
ume data of the volume of interest comprises ultra-
sound echo data of a plurality of scanning planes
defined by the first set of setting parameters;

a processing unit for determining a desired imaging plane
for the volume of interest in accordance with the
three-dimensional volume data and for determining a
result whether there is a second set of setting param-
eters such that the ultrasound signal transmitted from
the transducer elements having the second set of setting
parameters is able to acquire ultrasound echo data of
the desired imaging plane without moving the probe,
wherein the processing unit is further configured—if
the result is YES—to derive the second set of setting
parameters; and—if the result is NO—to derive a
second position, a second angle and a third set of
setting parameters such that when the probe is moved
to the second position on the subject and tilted at the
second angle relative to the volume of interest, the
ultrasound signal transmitted from the transducer ele-
ments having the third set of setting parameters is able
to derive ultrasound echo data of the desired imaging
plane;

a transducer controller for adjusting the transducer ele-
ments in accordance with the derived second set of
setting parameters if the result is Yes, and for adjusting
the transducer elements in accordance with the derived
third set of setting parameters if the result is NO; and

a display for outputting—if the result is NO—an instruc-
tion to guide a user of the ultrasound imaging system to
move the probe so as to be positioned at the second
position and tilted at the second angle.

2. The ultrasound imaging system according to claim 1,

wherein

the display is further configured to display an image of the
desired imaging plane, which is reconstructed from the
ultrasound echo data of the desired imaging plane.

3. The ultrasound imaging system according to claim 1,

wherein

the setting parameters of the transducer elements com-
prise which transducer elements are to be enabled and
the beam-forming parameters for the enabled trans-
ducer elements.

4. The ultrasound imaging system according to claim 1,

wherein

the processing unit is configured to automatically deter-
mine the desired imaging plane for the volume of
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interest in accordance with the three-dimensional vol-
ume data, a clinical objective and a predetermined
model.

12
set of setting parameters is able to acquire ultrasound
echo data of the desired imaging plane without moving
the probe;

deriving—if the result is YES—the second set of setting
parameters, and—if the result is NO—deriving a sec-
ond position, a second angle and a third set of setting

5. The ultrasound imaging system according to claim 1,
further comprising: 5
a user interface for receiving the user’s input, wherein the

display is further configured to display a plurality of
images reconstructed from the three-dimensional vol-
ume data, and

determining a desired imaging plane for the volume of
interest in accordance with the three-dimensional vol-
ume data;

determining a result whether there is a second set of
setting parameters such that the ultrasound signal trans-
mitted from the transducer elements having the second

parameters such that when the probe is moved to the
second position on the subject and tilted at the second
angle relative to the volume of interest, the ultrasound
signal transmitted from the transducer elements having

- . . 10 . . . .
wherein the processing unit is further configured to deter- the third set of setting parameters is able to derive
mine the desired imaging plane for the volume of ultrasound echo data of the desired imaging plane; and
interest in accordance with the user’s manual selection adjusting the transducer elements in accordance with the
based on the plurality of images reconstructed from the derived second set of setting parameters if the result is
three-dimensional volume data Yes, and outputting an instruction to guide a user of the
6. The ultrasound imaging s sten.l according to claim 1 . ultrasound imaging system to move the probe so as to
Whe.rein Bing sy g ’ be positioned at the second position and tilted at the
. . . . second angle and adjusting the transducer elements in
the processing unit df:tennmes a result whether there is a accordance with the derived third set of setting param-
second .set of settmg parameters such that the ultra- eters if the result is NO.
sound signal transmitted from the transducer elements 20 8. The method according to claim 7, further comprising:
having the second set of setting parameters is able to displaying an image of the desired imaging plane, which
acquire ultrasound echo data of the desired imaging is reconstructed from the ultrasound echo data of the
plane without moving the probe based on the spatial desired imaging plane. i )
positional relationship between the first position and 9. The method according to claim 7. wherein )
the first angle of the probe and the desired imaging 25 the desired imaging plane for the volume of interest is
plane and based on the layout of the transducer ele- determined automatically in accordance with the three-
ments dimensional volume data, a clinical objective and a
7. An ultrasound imaging method, comprising: 1 OprTeldetermlllnzd modzl.. laim 7. wherei
transmitting ultrasound signals and acquiring three-di- - Lhe method according to claim 7, wherein .
mensional volume data of a volume of interest of a 39 the desired imaging plane for the volume of interest is
subject with an ultrasound probe having a two-dimen- determined in accordance with the user’s manual selec-
sional array of transducer elements, wherein the probe ‘1[:011 bisedhron (‘;l}e plgraht]y Olf 1ma(§1ges reconstructed
is positioned at a first position on the subject and tilted 1 r%ln t etth ge- 1me§}5101:a \110. un‘17e a}tla. .
at a first angle relative to the volume of interest and the - +hemethod according 1o claiil f, whereil
transducer elements of the probe have a first set of 35 the step of determining a result whether there is a second
setting parameters, and wherein the three-dimensional set of setting parameters such that the ultrasounq signal
volume data of the volume of interest comprises ultra- transmitied from the transducer elgments having the
sound echo data of a plurality of scanning planes second set of setting parameters is able to acquire
defined by the first set of setting parameters; ultrasound echo data of the desired imaging plane
° ’ 40 without moving the probe is based on the spatial

positional relationship between the first position and
the first angle of the probe and the desired imaging
plane, and is based on the layout of the transducer
elements.
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