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3D ULTRASOUND IMAGING SYSTEM

FIELD OF THE INVENTION

[0001] The present invention relates to three-dimensional
ultrasound imaging. In particular, the present invention
relates to the generation and evaluation of two-dimensional
standard views from three-dimensional ultrasonic volume
data. Anexemplary technical application of the present inven-
tion is the generation of two-dimensional transesophageal
echocardiography (TEE) images based on one or more
obtained three-dimensional TEE scans.

BACKGROUND OF THE INVENTION

[0002] A transesophageal echocardiogram is an alternative
way to perform an echocardiogram. A specialized probe con-
taining an ultrasound transducer at its tip is passed into the
patient’s esophagus. This allows to record precise ultrasound
images of different components of the human heart.

[0003] For a full transesophageal echocardiography (TEE)
examination 20 different 2D TEE views have to be acquired.
These 2D TEE views are predefined views (e.g. ME four
chamber, ME two chamber, TG basal SAX, . .. ), whichare in
practice also referred to as the 2D TEE standard views. In
order to acquire these images, the sonographer has to reposi-
tion and reorient the ultrasound probe relative to the patient
according to a very elaborated protocol for each of the 20 2D
TEE standard views. This is a tedious and long procedure,
which may take about 20 to 30 minutes.

[0004] The whole TEE procedure is quite uncomfortable
for the patient. Apart from that, manually finding the above-
mentioned standard views in order to allow a reliable diag-
nosis requires a relatively high level of skill of the sonogra-
pher (e.g. doctor). Moreover, this process is relatively error-
prone.

[0005] US 2011/0201935 Al, a former patent application
filed by the applicant, proposes for the similar field of fetal
heart examinations the usage of 3D ultrasound scanning tech-
nology. The therein proposed ultrasound imaging system
comprises an ultrasound scanning assembly that provides
volume data resulting from a three-dimensional scan of a
body. It further comprises a feature extractor that searches for
a best match between the volume data and a geometrical
model of an anatomical entity. The geometrical model com-
prises respective segments representing respective anatomic
features. Accordingly, the feature extractor provides an
anatomy-related description of the volume data, which iden-
tifies respective geometrical locations of respective anatomic
features in the volume data. Standard views may therefore be
automatically obtained from the volume data, which is of
course less operator-dependent and allows a more reliable
diagnosis. Compared to manually acquiring each 2D standard
view separately, this is of major advantage.

[0006] However, there is still need for further improve-
ment.

SUMMARY OF THE INVENTION
[0007] TItis an object of the present invention to provide an

improved ultrasound imaging system, which allows a
quicker, more comfortable and more reliable analysis of an
anatomical object, e.g. of the human heart. It is furthermore
an object of the present invention to provide a corresponding
method and a computer program for implementing such
method.
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[0008] 1In a first aspect of the present invention an ultra-
sound imaging system is presented that comprises:

[0009] an image processor configured to receive at least
one set of volume data resulting from a three-dimen-
sional ultrasound scan of a body and to provide corre-
sponding display data,

[0010] an anatomy detector configured to detect a posi-
tion and orientation of an anatomical object of interest
within the at least one set of volume,

[0011] aslice generator for generating a plurality of two-
dimensional slices from the at least one set of volume
data, wherein said slice generator is configured to define
respective slice locations based on the results of the
anatomy detector for the anatomical object of interest so
as to obtain a set of two-dimensional standard views of
the anatomical object of interest, wherein the slice gen-
erator is further configured to define for each two-di-
mensional standard view which anatomical features of
the anatomical object of interest are expected to be con-
tained within said two-dimensional view, and

[0012] an evaluation unit for evaluating a quality factor
for each of the generated plurality of two-dimensional
slices by comparing each of the slices with the anatomi-
cal features expected for the respective two-dimensional
standard view.

[0013] Ina furtheraspect of the present invention a method
of generating and evaluating two-dimensional standard views
from three-dimensional ultrasonic volume data is presented
which comprises the steps of:

[0014] receiving at least one set of volume data resulting
from a three-dimensional ultrasound scan of a body,

[0015] detecting a position and orientation of an ana-
tomical object of interest within the at least one set of
volume data,

[0016] generating a plurality of two-dimensional slices
from the at least one set of volume data, by defining
respective slice locations based on the detected position
and orientation of the anatomical object of interest so as
to obtain a set of two-dimensional standard views of the
anatomical object of interest,

[0017] defining for each two-dimensional standard view
which anatomical features of the anatomical object of
interest are expected to be contained, and

[0018] evaluating a quality factor for each of the gener-
ated plurality of two-dimensional slices by comparing
each of the slices with the anatomical features expected
for the respective two-dimensional standard view.

[0019] In a still further aspect of the present invention a
computer program is presented comprising program code
means for causing a computer to carry out the steps of the
above-mentioned method when said computer program is
carried out on the computer.

[0020] In addition to the method disclosed in US 2011/
0201935 Al it is defined for each 2D standard view which
anatomical features of the anatomical object of interest are
expected to be contained. An evaluation unit may then evalu-
ate a quality factor for each of the generated plurality of 2D
slices by comparing each of the slices with the anatomical
features expected for the respective 2D standard view.
[0021] Inother words, for each generated two-dimensional
slice (2D standard view) it is computed how good the 2D
standard view is covered within the received set of 3D ultra-
sound volume data. Depending on the field of view of the
performed 3D ultrasound scan it may, for example, be the
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case that a received set of 3D ultrasound volume data is useful
to generate one or a plurality of 2D standard views, while it is
less useful to generate other standard views.

[0022] Depending on the field of view a received 3D ultra-
sound volume data set may, for example, cover most or all
parts of the left ventricle of the human heart, while it does not
cover or only covers few parts of the right ventricle of the
human heart. In this case the presented ultrasound imaging
system would automatically identify that the received volume
data set is only useful for the 2D standard views of the left
ventricle, but less useful for the 2D standard views of the right
ventricle.

[0023] The evaluated quality factor for each of the gener-
ated 2D slices may e.g. be a numerical value that results from
the comparison of each of the generated slices with the ana-
tomical features expected for the respective 2D standard
view. For example, the coverage of a 2D standard view by the
received set of 3D volume data may be determined by deter-
mining the overlap of the structures that should be covered
(expected anatomical features) and the field of view of the
performed 3D ultrasound scan.

[0024] According to an embodiment of the present inven-
tion, the anatomy detector is configured to conduct a model-
based segmentation of the at least one set of volume data by
finding a best match between the at least one set of volume
data and a geometrical model of the anatomical object of
interest in order to detect the position and orientation of the
anatomical object of interest. The slice generator may be
configured to define the respective slice locations of the ana-
tomical object of interest based on said geometrical model.
[0025] In this case a geometrical mesh model of an ana-
tomical object of interest (e.g. of the heart) may be used for a
model-based segmentation of the 3D ultrasound image (also
referred to as volume data). The plurality of 2D slices may be
generated based on said geometrical mesh model so as to
automatically obtain a set of 2D standard views of the ana-
tomical object of interest.

[0026] Inorderto compute the 2D standard views based on
the geometrical model, landmarks may be encoded in the
model. These landmarks encoded in the geometrical model
may be identified and mapped onto the 3D ultrasonic volume
data. For example, a set of three or more landmarks can
represent a plane that leads to or corresponds to a 2D standard
view. For example to compute the four chamber view of the
heart, this plane is given by the center of the mitral valve, the
center of the tricuspid valve and the apex.

[0027] Itshall be noted that, instead of using a model-based
segmentation, the position and orientation of the anatomical
object of interest may also be determined (directly) by iden-
tifying landmarks or specific anatomical features within the
3D ultrasound image.

[0028] According to a further embodiment of the present
invention, the quality factor that is evaluated within the evalu-
ation unit for each of the generated plurality of two-dimen-
sional slices is a quantitative factor that includes a ratio to
which extent the expected anatomical features are included in
the respective two-dimensional slice.

[0029] According to a further refinement, the evaluation
unit is configured to evaluate the quality factor for each of the
generated plurality of two-dimensional slices by comparing a
field of view of each of the two-dimensional slices to the
geometrical model of the anatomical object.

[0030] According to a still further embodiment of the
present invention, the ultrasound imaging system further
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comprises a display, wherein the image processor is config-
ured to generate display data for simultaneously illustrating
graphical representations of a plurality of two-dimensional
slices corresponding to different standard views of the ana-
tomical object of interest on the display.
[0031] In other words, the generated 2D slices may be
simultaneously presented on the display. This allows a doctor
an easy comparison of the different standard views.
[0032] Preferably, the image processor is furthermore con-
figured to generate display data for illustrating a graphical
representation of the quality factor for each of the two-dimen-
sional slices on the display. The graphical representation of
the quality factor preferably comprises an icon and/or a per-
centage. The quality factor may, for example, be presented as
a traffic light to the user. In this case a green light e.g. shows
a good/sufficient coverage of the respective 2D standard view
by the 2D slice generated from the 3D ultrasound volume
data. A yellow light e.g. shows a coverage of the respective 2D
standard view by the generated 2D slice that could still be
sufficient. And a red light e.g. indicates that the field of view
of the generated 2D slice does not cover enough anatomical
features that should be included in the respective 2D standard
view. In this case the user receives a very easy indication
about the quality of the computed 2D slices.
[0033] According to an embodiment of the present inven-
tion, the ultrasound imaging system further comprises:
[0034] amemory forstoring a plurality of sets of volume
data resulting from a plurality of different three-dimen-
sional scans of a body and for storing the plurality of
two-dimensional slices generated from the plurality of
sets of volume data and their quality factors; and
[0035] aselector for selecting for each two-dimensional
standard view a two-dimensional slice having the high-
est quality factor by comparing the evaluated quality
factors of corresponding two-dimensional slices genet-
ated from each of the plurality of sets of volume data.
[0036] This embodiment leads to a further significant
improvement. It allows to compare 2D slices with each other
that correspond to the same 2D standard views but were
generated from different 3D ultrasound scans (different sets
of volume data). The different 3D ultrasound scans may e.g.
result from scans at different positions or orientations of the
ultrasound probe. The ultrasound imaging system may, for
example, comprise an initialization unit that initializes the
acquisition of a 3D ultrasound scan and the above-mentioned
subsequent procedure of generating the 2D slices therefrom
each time the position or orientation of the ultrasound probe
is changed.
[0037] Inthiscaseseveral sets of volume dataand 2D slices
generated therefrom may be stored within a memory. The
selector may then select for each of the 2D standard views the
2D slice having the highest quality factor. This means that if
more than one 3D ultrasound scan is performed, the system
itself automatically selects the best version out of all gener-
ated 2D slices for each 2D standard view. Only these best
versions may then be illustrated on the display for each 2D
standard view. Thus, only the best examples are illustrated to
the user. In combination with the above-mentioned represen-
tation of the quality factor on the display (e.g. using an icon
such as a traffic light), the user therefore receives a direct
feedback, whether all standard views are covered by the com-
bination of all performed 3D ultrasound scans, or whether
he/she has to acquire a further set of 3D volume data by
performing an additional ultrasound scan.
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[0038] However, it has been shown that a lot less scans have
to be performed in contrast to manually acquiring the 2D
standard views with a 2D ultrasound scanner. Two or three 3D
ultrasound scans of the human heart may, for example,
already be enoughin order to generateall 20 2D TEE standard
views. Since the system itself selects the best generated 2D
slice for each 2D standard view, the operation of the presented
system is fairly easy. The user so to say only has to acquire
enough 3D ultrasound scans until a “green light” is received
for each standard view. This may even be done by the user in
a trial and error manner without having to follow the usual
elaborated protocols for acquiring the predefined standard
views.

[0039] Even though in the foregoing paragraphs it has been
mainly focused on the generation of transesophageal
echocardiography (TEE), it shall be pointed out that the pre-
sented ultrasound imaging system may also be used for gen-
erating and evaluating 2D standard views of other organs or
other anatomical objects of humans and/or animals. It could
be used in a similar way e.g. for an analysis of the liver or an
unborn baby (fetal ultrasound).

[0040] In the foregoing it has mainly been focused on the
image processing part of the presented ultrasound imaging
system. According to a further embodiment, the ultrasound
imaging system may further include:

[0041] atransducer array configured to provide an ultra-
sound receive signal,

[0042] a beam former configured to control the trans-
ducer array to perform the three-dimensional scan of the
body, and further configured to receive the ultrasound
receive signal and to provide an image signal,

[0043] acontroller for controlling the beam former, and

[0044] asignal processor configured to receive the image
signal and to provide the three-dimensional volume
data.

[0045] According to a further preferred embodiment, said
controller may be configured to control the beam former to
control the transducer array to perform an additional two-
dimensional scan for a two-dimensional standard view of the
anatomical object of interest if the quality factor of one of the
plurality of two-dimensional slices generated by the slice
generator is above a predetermined threshold.

[0046] Inother words, this means that the ultrasound imag-
ing system is configured to automatically perform an addi-
tional 2D ultrasound scan if it is found in the above-men-
tioned analysis that one of the slices generated from the 3D
ultrasound volume data covers the respective 2D standard
view in a sufficiently good manner. The system would then
recognize that the acquired field of view at the position and
orientation of the ultrasound probe is meaningful for acquir-
ing the 2D standard view in a direct manner (by an extra 2D
ultrasound scan at this position and orientation). This addi-
tional 2D scan would then be taken in the further image
processing as 2D standard view instead of generating said 2D
standard view by an interpolation from the 3D volume data as
mentioned above. In this case the local image resolution may
even be increased for said standard view.

[0047] It shall be understood that the claimed method has
similar and/or identical preferred embodiments as the
claimed ultrasound imaging system, as defined above and as
defined in the dependent claims.

[0048] According to an embodiment, the position and ori-
entation of the anatomical object of interest are detected by
conducting a model-based segmentation of the at least one set
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of volume data and finding a best match between the at least
one set of volume data and a geometrical model of the ana-
tomical object of interest, and wherein the respective slice
locations are defined based on said geometrical model.
[0049] According to a further embodiment, the claimed
method comprises the steps of:

[0050] receiving and storing a plurality of sets of volume
data resulting from a plurality of three-dimensional
scans of a body,

[0051] generating and storing a plurality of different
two-dimensional slices generated from each of the plu-
rality of sets of volume data together with their quality
factors; and

[0052] selecting for each two-dimensional standard view
atwo-dimensional slice having the highest quality factor
by comparing the evaluated quality factors of corre-
sponding two-dimensional slices generated from each of
the plurality of sets of volume data.

[0053] According to a further embodiment, the claimed
method comprises the steps of simultaneously illustrating
graphical representations of a plurality of two-dimensional
slices corresponding to different standard views of the ana-
tomical object of interest on a display.

[0054] According to a further embodiment, the claimed
method comprises the step of illustrating a graphical repre-
sentation of the quality factor for each ofthe two-dimensional
slices on a display.

[0055] According to a still further embodiment, the
claimed method comprises the step of performing an addi-
tional two-dimensional scan for a two-dimensional standard
view of the anatomical object of interest if the quality factor
of one of the generated plurality of two-dimensional slices is
above a predetermined threshold.

BRIEF DESCRIPTION OF THE DRAWINGS

[0056] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter. In the following drawings
[0057] FIG. 1 shows a schematic representation of an ultra-
sound imaging system in use to scan a volume of a patient’s
body;

[0058] FIG. 2 shows a schematic block diagram of an
embodiment of the ultrasound imaging system;

[0059] FIG. 3 schematically shows an overview of different
2D standard views of a transesophageal echography (TEE);
[0060] FIG. 4 shows a flow diagram to illustrate an embodi-
ment of the method according to the present invention;
[0061] FIG. 5 shows a first exemplary illustration of results
received with the ultrasound imaging system,

[0062] FIG. 6 shows a second exemplary illustration of
results received with the ultrasound imaging system; and
[0063] FIG. 7 shows a third exemplary illustration of results
received with the ultrasound imaging system.

DETAILED DESCRIPTION OF THE INVENTION

[0064] FIG. 1 shows a schematic illustration of an ultra-
sound system 10 according to an embodiment, in particular a
medical three-dimensional (3D) ultrasound imaging system.
The ultrasound imaging system 10 is applied to inspect a
volume of an anatomical site, in particular an anatomical site
of a patient 12. The ultrasound system comprises an ultra-
sound probe 14 having at least one transducer array having a
multitude of transducer elements for transmitting and/or
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receiving ultrasound waves. In one example, the transducer
elements each can transmit ultrasound waves in form of at
least one transmit impulse of a specific pulse duration, in
particular a plurality of subsequent transmit pulses. The trans-
ducer elements are preferably arranged in a two-dimensional
array, in particular for providing a multi-planar or three-
dimensional image.

[0065] A particular example for a three-dimensional ultra-
sound system which may be applied for the current invention
is the CX40 Compact Xtreme ultrasound system sold by the
applicant, in particular together with a X6-1 or X7-2t TEE
transducer of the applicant or another transducer using the
xMatrix technology of the applicant. In general, matrix trans-
ducer systems as found on Philips iE33 systems or mechani-
cal 3D/4D transducer technology as found, for example, on
the Philips 1U22 and HD15 systems may be applied for the
current invention.

[0066] A 3D ultrasound scan typically involves emitting
ultrasound waves that illuminate a particular volume within a
body, which may be designated as target volume. This can be
achieved by emitting ultrasound waves at multiple different
angles. A set of volume data is then obtained by receiving and
processing reflected waves. The set of volume data is a rep-
resentation of the target volume within the body.

[0067] It shall be understood that the ultrasound probe 14
may either be used in a non-invasive manner (as shown in
FIG. 1) or in an invasive manner as this is usually done in TEE
(not explicitly shown). The ultrasound probe 14 may be hand-
held by the user of the system, for example medical staff or a
doctor. The ultrasound probe 14 is applied to the body of the
patient 12 so that an image of an anatomical site, in particular
an anatomical object of the patient 12 is provided.

[0068] Further, the ultrasound system 10 may comprise a
controlling unit 16 that controls the provision of a 3D image
via the ultrasound system 10. As will be explained in further
detail below, the controlling unit 16 controls not only the
acquisition of data via the transducer array of the ultrasound
probe 14, but also signal and image processing that form the
3D images out of the echoes ofthe ultrasound beams received
by the transducer array of the ultrasound probe 14.

[0069] The ultrasound system 10 may further comprise a
display 18 for displaying the 3D images to the user. Still
further, an input device 20 may be provided that may com-
prise keys or a keyboard 22 and further inputting devices, for
example a trackball 24. The input device 20 might be con-
nected to the display 18 or directly to the controlling unit 16.
[0070] FIG. 2 shows a schematic block diagram of the
ultrasound system 10. As already laid out above, the ultra-
sound system 10 comprises an ultrasound probe (PR) 14, the
controlling unit (CU) 16, the display (DI) 18 and the input
device (ID) 20. As further laid out above, the probe (PR) 14
comprises a phased two-dimensional transducer array (TR)
26. In general, the controlling unit (CU) 16 may comprise a
central processing unit (CPU) 28 that may include analog
and/or digital electronic circuits, a processor, microprocessor
or the like to coordinate the whole image acquisition and
provision. However, it has to be understood that the central
processing unit (CPU) 28 does not need to be a separate entity
or unit within the ultrasound system 10. It can be a part of the
controlling unit 16 and generally be hardware or software
implemented. The current distinction is made for illustrative
purposes only. The central processing unit (CPU) 28 as a part
of the controlling unit (CU) 16 may control a beam former
(BF) 30 and, by this, what images of the volume 40 are taken
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and how these images are taken. The beam former (BF) 30
generates the voltages that drive the transducer array (TR) 26,
determines repetition frequencies, it may scan, focus and
apodize the transmitted beam and the reception of receive
beam(s) and may further amplify filter and digitize the echo
voltage stream returned by the transducer array (TR) 26.
Further, the central processing unit (CPU) 28 of the control-
ling unit (CU) 16 may determine general scanning strategies.
Such general strategies may include a desired volume acqui-
sition rate, lateral extent of the volume, an elevation extent of
the volume, maximum and minimum line densities and scan-
ning line times. The beam former (BF) 30 further receives the
ultrasound signals from the transducer array (TR) 26 and
forwards them as image signals.

[0071] Further, theultrasound system 10 comprises a signal
processor (SP) 32 that receives the image signals. The signal
processor (SP) 32 is generally provided for analog-to-digital-
converting, digital filtering, for example, bandpass filtering,
as well as the detection and compression, for example a
dynamic range reduction, of the received ultrasound echoes
or image signals. The signal processor 32 forwards image
data.

[0072] Further, the ultrasound system 10 comprises an
image processor (IP) 34 that converts image data received
from the signal processor 32 into display data. In particular,
the image processor 34 receives the image data, preprocesses
the image data and may store it in a memory (MEM) 36. This
image datais then further post-processed to provide images to
the user via the display 18. In the current case, in particular,
the image processor 34 may form the three-dimensional
images out of a multitude of two-dimensional images.
[0073] The ultrasound system 10 may in the current case
further comprise an anatomy detector (AD) 38, a slice gen-
erator (SLG) 40 and an evaluation unit (EU) 42. It shall be
noted that the latter mentioned components may either be
realized as separate entities, but may also be included in the
image processor 34. All these components may be hardware
and/or software implemented.

[0074] The anatomy detector (AD) 38 identifies the orien-
tation and position of the anatomical object of interest within
the acquired 3D volume data. The anatomy detector (AD)
may thereto be configured to conduct a model-based segmen-
tation of the acquired 3D volume data. This may be done by
finding a best match between the at least one set of volume
data and a geometrical mesh model of the anatomical object
of interest. The model-based segmentation may, for example,
be conducted in a similar manner as this is described for a
model-based segmentation of CT images in Ecabert, O. etal.:
“Automatic Model-based Segmentation of the Heart in CT
Images”, IEEE Transactions on Medical Imaging, Vol. 27(9),
p. 1189-1291, 2008. The geometrical mesh model of the
anatomical object of interest may comprise respective seg-
ments representing respective anatomic features. Accord-
ingly, the anatomy detector 38 may provide an anatomy-
related description of the volume data, which identifies
respective geometrical locations of respective anatomic fea-
tures in the volume data.

[0075] Such a model-based segmentation usually starts
with the identification of the orientation of the anatomical
object of interest (e.g. the heart) within the 3D ultrasonic
volume data. This may, for example, be done using a three-
dimensional implementation of the Generalized Hough
Transform. Pose misalignment may be corrected by matching
the geometrical model to the image making use of a global
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similarity transformation. The segmentation comprises an
initial model that roughly represents the shape of the anatomi-
cal object of interest. Said model may be a multi-compart-
ment mesh model. This initial model will be deformed by a
transformation. This transformation is decomposed into two
transformations of different kinds: A global transformation
that can translate, rotate or rescale the initial shape of the
geometrical model, if needed, and a local deformation that
will actually deform the geometrical model so that it matches
more precisely to the anatomical object of interest. This is
usually done by defining the normal vectors of the surface of
the geometrical model to match the image gradient; that is to
say, the segmentation will look in the received ultrasonic
image for bright-to-dark edges (or dark-to-bright), which
usually represent the tissue borders in ultrasound images, i.e.
the boundaries of the anatomical object of interest.

[0076] The segmented 3D volume data may then be further
post-processed. The slice generator (SLG) 40 generates a
plurality of two-dimensional slices from the 3D volume data.
Landmarks are thereto encoded within the geometrical model
that defines the planes of said 2D slices. A set of three or more
landmarks can represent a plane. These encoded landmarks
may be mapped onto the segmented 3D volume data so as to
obtain a set of 2D standard views of the anatomical object of
interest generated from the 3D volume data. The slice gen-
erator 40 may be furthermore configured to define foreach 2D
standard view which anatomical features of the anatomical
object of interest are expected to be contained within said
view. This may be done using the geometrical model that is
encoded with the anatomic features of the anatomical object
ofinterest. It should thus be known which anatomical features
should occur in which 2D standard view.

[0077] The evaluation unit (EU) 42 may then evaluate a
quality factor for each of the generated plurality of 2D slices
by comparing each of said generated slices with the anatomi-
cal features expected for the respective 2D standard view. In
other words, the evaluation unit 42 computes the coverage of
each of the 2D standard views by the 3D volume data. This
may be done by computing the overlap of the structure that
should be covered and the field of view of the 3D ultrasound
scan. The quality factor that is evaluated within the evaluation
unit 42 for each of the generated plurality of 2D slices may
thus be a quantitative factor that includes a ratio to which
extent the expected anatomical features are included in the
respective 2D slice. This may be done by comparing the field
of view of each of the 2D slices to the geometrical model of
the anatomical object.

[0078] Instill other words, this means that for each 2D slice
that is generated from the received 3D ultrasound volume
data, it is determined how good the 2D standard view, that
corresponds to the generated 2D slice, is covered. This infor-
mation can be presented as a graphical icon, e.g. as a traffic
light, and/or as a percentage on the display 18.

[0079] As it will be explained further below in detail with
reference to FIGS. 5 to 7, the generated 2D slices of the
anatomical object of interest are preferably illustrated on the
display 18 simultaneously, wherein each illustrated 2D slice
is illustrated together with a graphical representation of the
quality factor (icon and/or percentage) that indicates the qual-
ity of the respective 2D slice.

[0080] In practice there is usually not only performed a
single 3D ultrasound scan of the anatomical object of interest.
Preferably, a plurality of 3D ultrasound scans of the anatomi-
cal object of interest are performed. This results in a plurality
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of sets of volume data, which result from the plurality of
different 3D scans of the body. For each of these sets of 3D
volume data, the above-mentioned processing (segmentation,
slice generation and evaluation) is performed by the ultra-
sound system 10. The plurality of sets of volume data result-
ing from the different 3D scans and the 2D slices that are
generated in the above-mentioned way from said sets of vol-
ume data may be stored within the memory (MEM) 36
together with the evaluated quality factors of each of the 2D
slices.

[0081] In this case a selector (SEL) 44 is configured to
select for each 2D standard view a 2D slice that has the
highest quality factor. This may be done by comparing the
evaluated quality factors of corresponding 2D slices that are
generated from each of the plurality of 3D sets of volume data
which are stored in the memory 36. In other words, the selec-
tor 44 selects for each standard view the best 2D slice out of
all 2D slices that have been generated from the different sets
of 3D volume data (different ultrasound scans). This means
that the different 2D standard views that are simultaneously
illustrated on the display 18 may result from different 3D
ultrasound scans, wherein the selector 44 automatically deter-
mines from which 3D volume data set a specific 2D standard
view may be generated best.

[0082] This will be explained in the following in further
detail by example of a transesophageal echocardiography
(TEE).

[0083] For a full TEE examination, 20 different 2D TEE
standard views have to be acquired. An overview of the dif-
ferent standard views is given in schematical manner in FIG.
3. FIG. 3a e.g. illustrates the ME four chamber view, FI1G. 3b
the ME two chamber view, FIG. 3¢ the ME LAX view and so
on.

[0084] FIG. 4 shows a schematic block diagram for illus-
trating the method according to an embodiment of the present
invention. In a first step S10 a set of volume data resulting
from a 3D ultrasound scan of a body is received. In the
following step S12 a position and orientation of an anatomical
object of interest (e.g. the human heart) is detected within the
at least one set of volume data. Thereto, a model-based seg-
mentation of the at least one set of volume data may be
conducted. As already mentioned above, this is done by find-
ing a best match between the at least one set of volume data
and a geometrical model of the human heart.

[0085] Then, said model is used to compute the planes of all
20 TEE standard views. This is done in step S14 by generating
aplurality of 2D slices from the at least one set of 3D volume
data. Thereto, the respective slice locations are defined based
on the geometrical model of the heart. Due to the segmenta-
tion that has been performed in advance (in step S12), these
respective slice locations may be mapped onto the 3D volume
data, such that it is possible to compute the 2D slices from the
3D volume data set by interpolating the 3D image. For
exampleto compute the ME four chamber view (see FIG. 3a),
the plane is given by the center of the mitral valve, the center
of the tricuspid valve and the apex.

[0086] Then, in step S16 it is defined for each 2D standard
view which anatomical features of the heart are expected to be
contained in said standard view. This may be done by encod-
ing the geometrical model with an anatomy-related descrip-
tion that identifies segments of the heart within each 2D
standard view that correspond to respective anatomic fea-
tures, for example, the heart chambers, the main vessels, the
septa, the heart valves, etc. If the geometrical model is
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encoded with this anatomy-related information, it is easier in
the further procedure to evaluate whether the generated 2D
slices cover all information that should be included within the
respective 2D standard view.

[0087] In step S18 it is then evaluated for each of the gen-
erated 2D slices how good the 2D standard view is covered.
Thereto, a quality factor is computed for each of the generated
2D slices, wherein said quality factor may be a quantitative
factor that includes a ratio to which extent the expected ana-
tomical features are included in the respective 2D slice. This
may be done by comparing the field of view of each of the
generated 2D slices to the geometrical model of the heart.
[0088] FIG. 5 shows six 2D slices that have been generated
in the above-mentioned way based on a single 3D TEE image
(herein referred to as a single set of volume data). The results
of the performed segmentation are therein illustrated by bor-
der lines 46. F1G. 5a shows the 2D slice that corresponds to
the ME four chamber standard view (compare to FIG. 3a).
FIG. 5B therein shows the 2D slice that corresponds to the
ME two chamber standard view (compare to FIG. 3b). FIG.
3d shows the generated 2D slice that corresponds to the TE
mid SAX standard view (compare to FIG. 3d). FIG. 5/ shows
the generated 2D slice that corresponds to the ME AV SAX
standard view (compare to FIG. 3%). FIG. 5i shows the gen-
erated 2D slice that corresponds to the ME AV LAX standard
view (compare to FIG. 3i). And FIG. 5m shows the generated
2D slice that corresponds to the ME RV inflow-outflow stan-
dard view (compare to FIG. 3m).

[0089] As it may be seen, most of the anatomical features of
interest are within the slices 5a. b and d, i.e. most ofthe border
lines 46 are within the field of view. The quality factors that
have been evaluated for these slices are therefore compara-
tively high, which is indicated in FIG. Sa, b and d by means of
a graphical icon 48 that is illustrated in the upper right corner
of each slice image and represents a schematical traffic light
showing a green light.

[0090] It may be furthermore seen that the generated slices
5h and i are still acceptable, because the main anatomical
features of interest, e.g. the aortic valve within FIG. 57, is still
within the field of view. The traffic light 48' therefore shows a
yellow light for these slices. In FIG. 5m most of the border
lines 46 are however out of the field of view, meaning that the
anatomical features of interest, 1.e. the in and outflow of the
right ventricle, are not fully covered. The quality of this
generated 2D slice is thus evaluated to be rather low, which is
indicated in FIG. 5m with a traffic light 48" that shows a red
light.

[0091] Returning back to FIG. 4 now, the method steps
S10-S18 are repeated for every new 3D TEE image. This
means that for every 3D TEE image (every 3D volume data
set), all 20 2D slices are generated and evaluated that corre-
spond to the 20 different 2D TEE standard views illustrated in
FIG. 3. For every 2D slice it is defined, which anatomical
features are to be expected therein, i.e. which border lines 46
should occur in these 2D slices (step S16). And for every 2D
slice it is evaluated, whether the expected border lines are
within the field of view, or to which extend this is the case
(step S18).

[0092] FIG. 6 illustrates 2D slices that have been generated
(and evaluated) based on a second 3D TEE image (second set
of volume data) with a different field of view. From FIG. 6 it
may be seen that the generated slices 6a, b and d are compared
to the slices shown in FIG. 54, b and d rather unsuitable
(indicated by red traffic light 48"). However, the generated 2D

Feb. 11,2016

slices corresponding to the ME AV SAX standard view (FIG.
6h), the ME AV LAX standard view (FIG. 6/) and to the ME
RV inflow-outflow standard view (see FIG. 6m) have a rather
good quality, since the anatomical features of interest (border
lines 46) are this time within the field of view.

[0093] Itmay therefore be seen that the 2D standard views
a, b and d are best covered within the 2D slices that were
generated from the first 3D volume data set (illustrated in
FIG. 84, b and d), while the 2D standard views h, i and m are
best covered within the 2D slices that were generated from the
second 3D volume data set (illustrated in FIG. 6/, i and m). In
step S20 (see FIG. 4) the best version for each 2D standard
view is then automatically selected. For each 2D standard
view one generated 2D slice is selected that has the highest
quality factor. This may be done by comparing the evaluated
quality factors of corresponding 2D slices generated from
each of the received sets of volume data (from each of the
received 3D TEE images). This “best selection” is finally
illustrated on the display in step S24.

[0094] The result is shown in FIG. 7. As it may be seen in
FIG. 7, the system 10 automatically selected the more suit-
able 2D slices that were generated from the first 3D TEE
image as 2D standard views a, b and d, while it automatically
selected the 2D slices that were generated from the second3D
TEE image as 2D standard views h, 1 and m. In summary, this
means that only two 3D TEE images were necessary in this
example to generate the exemplarily shown six 2D standard
views, whereas six different ultrasound scans would be
required when manually scanning the patient with a regular
2D ultrasound scanning system. The further significant
advantage is that the system selects the best 2D slices by
itself. The presented method is thus less error-prone and faster
compared to the conventional TEE procedure.

[0095] A still further improvement of the method schemati-
cally illustrated in FIG. 4 is shown by step S22. Instead of
using the 2D slices that were interpolated from the 3D volume
data set, the 2D slices may also be generated by performing an
additional 2D scan as soon as the system recoguizes that a
quality factor of a 2D slice that is generated in steps S10-S18
is above a predetermined threshold value. This means that as
soon as the system recognizes that the field of view of the
taken 3D image is suitable for a specific 2D standard view, the
imaging parameters for this 2D standard view from the cur-
rent location of the transducer probe 14 are computed and the
transducer probe 14 automatically performs an additional 2D
scan to directly receive the 2D standard view. This “extra”
acquisition should however only be done if it has been found
in step S18 that the quality of the generated 2D slice is rather
high, meaning that the position and orientation of the trans-
ducer probe 14 is suitable for acquiring the respective 2D
standard view.

[0096] Itshall be noted that step S22 is not a mandatory, but
an optional method step. Of course, a combination of both,
generating the 2D slices from the 3D volume data set and
generating the 2D slices directly by performing an additional
2D scan, is possible as well.

[0097] While the invention has been illustrated and
described in detail in the drawings and foregoing description,
such illustration and description are to be considered illustra-
tive or exemplary and not restrictive; the invention is not
limited to the disclosed embodiments. Other variations to the
disclosed embodiments can be understood and effected by
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those skilled in the art in practicing the claimed invention,
from a study of the drawings, the disclosure, and the
appended claims.

[0098] In the claims, the word “comprising” does not
exclude other elements or steps, and the indefinite article “a”
or “an” does not exclude a plurality. A single element or other
unit may fulfill the functions of several items recited in the
claims. The mere fact that certain measures are recited in
mutually different dependent claims does not indicate that a
combination of these measures cannot be used to advantage.
[0099] 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 telecommunication
systems.

[0100] Any reference signs in the claims should not be
construed as limiting the scope.

1. An ultrasound imaging system comprising:

an image processor configured to receive at least one set of
volume data resulting from a three-dimensional ultra-
sound scan of a body and to provide corresponding
display data,

an anatomy detector configured to detect a position and
orientation of an anatomical object of interest within the
at least one set of volume data,

a slice generator for generating a plurality of two-dimen-
sional slices from the at least one set of volume data,
wherein said slice generator is configured to define
respective slice locations based on the results of the
anatomy detector for the anatomical object of interest so
as to obtain a set of two-dimensional standard views of
the anatomical object of interest, wherein the slice gen-
erator is further configured to define for each two-di-
mensional standard view which anatomical features of
the anatomical object of interest are expected to be con-
tained,

an evaluation unit for evaluating a quality factor for each of
the generated plurality of two-dimensional slices by
comparing each of the slices with the anatomical fea-
tures expected for the respective two-dimensional stan-
dard view,

a memory for storing a plurality of sets of volume data
resulting from a plurality of different three-dimensional
scans of a body and for storing the plurality of two-
dimensional slices generated from the plurality of sets of
volume data and their quality factors; and

a selector for selecting for each two-dimensional standard
view of a two-dimensional slice having the highest qual-
ity factor by comparing the evaluated quality factors of
corresponding two-dimensional slices generated from
each of the plurality of sets of volume data.

2. The ultrasound imaging system of claim 1, wherein the
anatomy detector configured to conduct a model-based seg-
mentation of the at least one set of volume data by finding a
best match between the at least one set of volume data and a
geometrical model of the anatomical object of interest in
order to detect the position and orientation of the anatomical
object of interest, and wherein the slice generator is config-
ured to define the respective slice locations of the anatomical
object of interest based on said geometrical model.

3. (canceled)

4. The ultrasound imaging system of claim 1, wherein the
quality factor that is evaluated within the evaluation unit for
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each of the generated plurality of two-dimensional slices is a
quantitative factor that includes a ratio to which extend the
expected anatomical features are included in the respective
two-dimensional slice.

5. The ultrasound imaging system of claim 2, wherein the
evaluation unit is configured to evaluate the quality factor for
each of the generated plurality of two-dimensional slices by
comparing a field of view of each of the two-dimensional
slices to the geometrical model of the anatomical object.

6. The ultrasound imaging system of claim 1, further com-
prising a display wherein the image processor is configured to
generate display data for simultaneously illustrating graphi-
cal representations of a plurality of two-dimensional slices
corresponding to different standard views of the anatomical
object of interest on the display.

7. The ultrasound imaging system of claim 6, wherein the
image processor is furthermore configured to generate dis-
play data for illustrating a graphical of the quality factor for
each of the two-dimensional slices on the display.

8. The ultrasound imaging system of claim 7, wherein the
graphical of the quality factor comprises an icon and/or a
percentage.

9. The ultrasound imaging system of claim 1, further com-
prising:

a transducer array configured to provide an ultrasound

receive signal,

abeam former configured to control the transducer array to

perform the three-dimensional scan of the body and
further configured to receive the ultrasound receive sig-
nal and to provide an image signal,

a controller for controlling the beam former, and

a signal processor configured to receive the image signal

and to provide the three-dimensional volume data.

10. The uvltrasound imaging system of claim 9, wherein the
controller is configured to control the beam former to control
the transducer array to perform an additional two-dimen-
sional scan for a two-dimensional standard view of the ana-
tomical object of interest if the quality factor of one of the
plurality of two-dimensional slices generated by the slice
generator is above a predetermined threshold.

11. A method of generating and evaluating two-dimen-
sional standard views from three-dimensional ultrasonic vol-
ume data, the method comprising the steps of:

receiving at least one set of volume data resulting from a

three-dimensional ultrasound scan of a body,
detecting a position and orientation of an anatomical object
of interest within the at least one set of volume data,

generating a plurality of two-dimensional slices from the at
least one set of volume data, by defining respective slice
locations based on the detected position and orientation
of the anatomical object of interest so as to obtain a set of
two-dimensional standard views of the anatomical
object of interest,

defining for each two-dimensional standard view which

anatomical features of the anatomical object of interest
are expected to be contained,

evaluating a quality factor for each of the generated plural-

ity of two-dimensional slices by comparing each of the
slices with the anatomical features expected for the
respective two-dimensional standard view,

receiving and storing a plurality of sets of volume data

resulting from a plurality of three-dimensional scans of
a body,
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generating and storing a plurality of different two-dimen-
sional slices generated from each of the plurality of sets
of volume data together with their quality factors; and

selecting for each two-dimensional standard view a two-
dimensional slice having the highest quality factor by
comparing the evaluated quality factors of correspond-
ing two-dimensional slices generated from each of the
plurality of sets of volume data.

12. The method of claim 11, wherein the position and
orientation of the anatomical object ofinterest are detected by
conducting a model-based segmentation of the at least one set
of volume data and finding a best match between the at least
one set of volume data and a geometrical model of the ana-
tomical object of interest, and wherein the respective slice
locations are defined based on said geometrical model.

13. (canceled)

14. The method of claim 12, wherein the quality factor for
each of the generated plurality of two-dimensional slices is
evaluated by comparing a field of view of each of the two-
dimensional slices to the geometrical model of the anatomical
object.

15. Computer program comprising program code means
for causing a computer to carry out the steps of the method as
claimed in claim 11 when said computer program is carried
out on a computer.
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