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Ultrasound imaging apparatus and method for segmenting anatomical objects

FIELD OF THE INVENTION

The present invention relates to an ultrasound imaging apparatus for
segmenting anatomical objects in a field of view of an ultrasound acquisition unit. The
present invention further relates to a method for segmenting an anatomical object in a field of
view of an ultrasound acquisition unit. In particular, the present invention relates to image
processing and segmentation of anatomical objects in a scanned volume of a patient. The
present invention further relates to a computer program comprising program code means for
causing a computer to carry out the steps of the method according to the invention when said

computer program is carried out on a computer.

BACKGROUND OF THE INVENTION

In the field of medical imaging systems it is generally known to combine
different images of a patient acquired by identical or different medical analysis systems in
order to improve the diagnostic possibilities. In particular, ultrasound systems are known
which combine ultrasound images with pre-operative image data of a patient derived from
different imaging systems.

Ultrasound imaging systems can further combine predefined models of the
anatomical structure scanned by the ultrasound probe or segmentation data with the images
derived from the acquired ultrasound data in order to provide segmented images on the basis
of the anatomical model and the ultrasound image data. A corresponding system is e.g.
known from US 2012/0065510 Al.

During an ultrasound image assisted medical procedure such as a biopsy
and/or branchytherapy, a real-time image and a corresponding real-time segmentation of
anatomical objects i.c. a definition of a volume or a surface of an anatomical object in the
field of view of the ultrasound probe can provide several advantages.

Conventional anatomical segmentation techniques require a clear contrast
between different tissues visible in the provided image data such as magnet resonance
tomography (MRT) or computer tomography (CT). However a majority of the known

segmentation techniques have a reduced performance for ultrasound imaging systems, since
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the segmentation model cannot properly be aligned to the ultrasound images which have a
poor signal-to-noise ratio. Usually a prior information about the shape of the anatomical
structure to be segmented can improve the segmentation of the anatomical structures in the
ultrasound images and these techniques are typically applied to three-dimensional data which
require a large computation effort so that these techniques are typically expensive and cannot
be applied to real-time applications.

In some further known biopsy and/or branchytherapy applications two-
dimensional image data is acquired and on the basis of a position sensor reconstructed into a
regular three-dimensional voxel array which is used for segmentation of anatomical objects.

The disadvantage of the known techniques for segmenting anatomical objects
in ultrasound image data is that the previously determined three-dimensional segmentation
models do not consider deformation of the anatomical objects during the analysis. The
computational effort for aligning the segmentation model to real-time three-dimensional
ultrasound image data makes three-dimensional segmentation in real-time during the
intervention difficult. Furthermore, acquiring three-dimensional data during the intervention

is complex so that typically only two-dimensional data is acquired during the intervention.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide an improved ultrasound
imaging apparatus which can segment anatomical objects in ultrasound data with high
precision and low technical effort. It is further an object of the present invention to provide a
corresponding method for segmenting anatomical objects in ultrasound data. It is finally an
object of the present invention to provide a computer program for implementing such method
and a non-transitory memory for storing such computer program.

In a first aspect of the present invention an ultrasound imaging apparatus is
provided for segmenting an anatomical object in a field of view of an ultrasound acquisition
unit, comprising:

- a data interface configured to receive two-dimensional ultrasound data of the
object in the field of view in an image plane from the ultrasound acquisition unit and to
receive a three-dimensional segmentation model as a three-dimensional representation of the
object from a segmentation unit,

- an image processor configured to determine a two-dimensional segmentation

model on the basis of the three-dimensional segmentation model and a segmentation plane,
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wherein the segmentation plane and an image plane of the two-dimensional ultrasound data
correspond to each other, and

wherein the image processor is configured to deformably adapt a contour of
the two-dimensional segmentation model to the two-dimensional ultrasound data on the basis
of pattern detection and wherein the image processor is configured to provide annotated two-
dimensional image data on the basis of the two-dimensional ultrasound data and the
segmentation model adapted to the two-dimensional ultrasound data.

According to another aspect of the present invention a method for segmenting
an anatomical object in a field of view of an ultrasound acquisition unit is provided
comprising the steps of:

- receiving two-dimensional ultrasound data in an image plane of the object in
the field of view from the ultrasound acquisition unit;

- receiving a three-dimensional segmentation model as a three-dimensional
representation of the object from a segmentation unit,

- determining a two-dimensional segmentation model on the basis of the three-
dimensional segmentation model and a segmentation plane intersecting the three-dimensional
segmentation model, wherein the segmentation plane and the image plane correspond to each
other,

- deforming a contour of the two-dimensional segmentation model to the two-
dimensional ultrasound data on the basis of pattern detection in the two-dimensional
ultrasound data, and

- providing annotated two-dimensional image data on the basis of the two-
dimensional ultrasound data and the two-dimensional segmentation model adapted to the
two-dimensional ultrasound data.

According to another aspect a computer program is provided comprising
program code means for causing a computer to carry out the steps of the method according to
the invention when said computer program is carried out on a computer.

According to another aspect a storing medium is provided for storing the
computer program according to the present invention.

Preferred embodiments of the invention are defined in the dependent claims. It
shall be understood that the claimed method has similar and/or identical preferred
embodiments as the claimed device and as defined in the dependent claims.

The present invention is based on the idea to derive a two-dimensional

segmentation model of an anatomical object from a three-dimensional segmentation model
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and a segmentation plane which corresponds to a cutting plane or an intersecting plane of the
three-dimensional representation of the segmentation model, wherein an image plane of the
acquired ultrasound data corresponds to the segmentation plane so that the corresponding
two-dimensional segmentation model can be adapted to the two-dimensional ultrasound data
with low computational effort and within a reduced time frame. In order to achieve a precise
adaptation or correlation of the two-dimensional segmentation model and the two-
dimensional ultrasound data, the two-dimensional segmentation model is further adapted to
the two-dimensional ultrasound data by deforming a contour on the basis of pattern detected
in the ultrasound data. After the adaptation of the model to the ultrasound data, a
correspondingly annotated two-dimensional image can be provided. In the annotated two
dimensional image data, different image portions like different pixels are annotated or
labeled as different anatomical features on the basis of the two dimensional segmentation
model. In addition or alternatively, the surface pixels of the anatomical object can be
annotated to provide a contour for visual display. Hence, the anatomical object can be
segmented in the ultrasound data received from the ultrasound acquisition unit with low
computational effort within a short time frame and with high precision.

On the basis of the so reduced computational effort the adaptation of a
segmentation model and ultrasound data segmentation of the anatomical object can in
particular be provided for a live image stream of the ultrasound data so that the imaging
apparatus and the imaging method can, e.g., be used for biopsy or branchytherapy operations
or other image-guided interventions.

In a preferred embodiment, the segmentation unit comprises a data interface
configured to receive three-dimensional medical image data of the object, and wherein the
segmentation unit is configured to adapt a predefined three-dimensional segmentation model
of the anatomical object on the basis of the three-dimensional medical image data prior to the
two-dimensional imaging procedure. This is a possibility to obtain a precise and a detailed
segmentation that can be provided as the three-dimensional representation of the object. The
adapted predefined three-dimensional segmentation model is a patient specifically adapted
three-dimensional representation of the anatomical object and forms the three-dimensional
segmentation. The predefined three-dimensional segmentation model and a patient specific
three-dimensional segmentation is used in the following during processing of the two-
dimensional segmentation.

This enables to utilize knowledge of general anatomical features and the image

appearance of the object in the field of view derived from the predefined three-dimensional
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segmentation model. As a result, we obtain a two-dimensional segmentation model encoding
the knowledge about anatomical features and the image appearance. This two-dimensional
model only needs to be adapted to the individual anatomical features and image appearance
of the patient.

In a further preferred embodiment, the segmentation unit is configured to
provide the adapted three-dimensional segmentation model to the data interface.

In a preferred embodiment, the three-dimensional segmentation model and/or
the two-dimensional segmentation model include a plurality of model elements forming a
representation of the anatomical object and wherein anatomical information and/or pattern
information are assigned to the model elements. The model elements preferably form line
elements or surface elements of the two-dimensional segmentation model or the three-
dimensional segmentation model. This is a possibility to improve the adaptation of the
contour of the two-dimensional segmentation model and to improve the information provided
in the annotated image data, since the segmentation model includes more information than
the mere outer shape so that the probability of a misalignment or a wrong segmentation can
be reduced.

In a preferred embodiment, the image processor is configured to deformably
adapt a contour of the two-dimensional segmentation model to the ultrasound data on the
basis of the anatomical information and/or the pattern information. This is a further
possibility to improve the precision of the identification and the alignment, since the
additional information like the anatomical information and/or the pattern information can be
utilized in addition to the shape of the three-dimensional representation of the anatomical
object. The model elements may comprise a pattern information so that the respective
elements can be aligned to correspondingly formed pattern in the ultrasound image data,
wherein not only edges are detected in the ultrasound image data but also local image
intensities or other image patterns are taken into account.

In a preferred embodiment, the pattern information comprise ultrasound data
intensity information of the object, wherein the image processor is configured to adapt a
contour of the two-dimensional segmentation model to corresponding patterns in the two-
dimensional ultrasound data. This is a possibility to improve the alignment of the
segmentation model to the ultrasound image data, since the alignment is not (only) based on
simple edge detection but based on more general pattern information in the ultrasound image

data. This is a possibility to improve the reliability of the alignment in general.
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In a preferred embodiment, the pattern information comprises intensity values
and/or intensity gradients to which the model elements are aligned. This is a possibility to
further improve the adaptation or the deformation of the shape of the two-dimensional
segmentation model since further intensity or contrast information in the ultrasound data can
be utilized to segment the anatomical object in the field of view. In this respect the intensity
information may be an intensity on one or the two opposite sides of the model elements to
which the model elements should be aligned so that not only the edge detection is utilized but
also the intensity information of the adjacent tissue.

In a preferred embodiment, the image processor is configured to display the
anatomical information in the annotated image data. This is a possibility to further improve
the reliability of the object segmentation, since the user can check whether the respective
anatomical feature of the segmentation is properly aligned to the anatomical features in the
ultrasound image.

In a preferred embodiment, the ultrasound imaging apparatus further
comprises a position determining unit for determining a position and a viewing direction of
the ultrasound acquisition unit and for determining the image plane of the two-dimensional
ultrasound data, wherein the image processor is configured to determine the segmentation
plane corresponding to the determined image plane. This is a possibility to determine the two
relevant planes i.e. the image plane of the two-dimensional ultrasound data and the
segmentation plane corresponding to each other, so that an alignment of the two-dimensional
segmentation model and the two-dimensional ultrasound data can be achieved with low
computational effort, high precision, and within a short time frame. The image plane is
determined by the position determining unit and on the basis of the so determined image
plane, the segmentation plane is determined so that the three-dimensional segmentation
model can be reduced to the corresponding two-dimensional segmentation model in the
segmentation plane and the two-dimensional segmentation model can be applied to the
ultrasound image in the image plane.

In an alternative embodiment, the segmentation plane is predefined in relation
to the three-dimensional segmentation and the image plane is adapted to the predefined
segmentation plane. This is a possibility to determine the plane in which the ultrasound
image should be acquired and to adapt the respective image plane to the so-defined
segmentation plane so that a user can define the image to be captured prior to the imaging

procedure.
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In a further embodiment, the ultrasound imaging apparatus comprises a user
interface, wherein the segmentation plane is predefined by the user via the user interface in
relation to the three-dimensional segmentation model. This is a possibility to select the
segmentation plane prior to the imaging and to adapt the image plane to the preselected
segmentation plane. This allows to select the segmentation plane without the need of
acquiring and segmenting a three-dimensional image before the start of two-dimensional
imaging.

In a further preferred embodiment, the data interface is configured to receive
the two-dimensional ultrasound data of the anatomical object in the field of view from the
ultrasound acquisition unit as a continuous data stream. This is a possibility to utilize live
images of the anatomical object which are received in a continuous data stream so that a
biopsy or a branchytherapy or some other intervention can be performed on the basis of the
respective segmentation of the anatomical object.

As mentioned above, the present invention provides a possibility to reduce the
computational effort and the necessary time frame for segmenting an anatomical object. This
is enabled by using two-dimensional instead of three-dimensional ultrasound data, since the
two-dimensional segmentation model is determined on the basis of a three-dimensional
segmentation model that is cut or intersected along the segmentation plane which
corresponds to the image plane of the two-dimensional ultrasound data to which the two-
dimensional segmentation model shall be adapted. Further, the precision of the alignment can
be improved since the shape of the so determined two-dimensional segmentation model can
be deformably adapted to the ultrasound data on the basis of pattern detection in the
ultrasound data. In other words a coarse alignment is achieved by the correlation of the
respective segmentation plane and the image plane and a fine correlation or adaptation is
achieved by the adaptation of the shape of the segmentation model so that also a deformation
of the anatomical object during the analysis can be considered.

In addition, the present invention allows to use only two-dimensional image
data with a dynamically defined orientation with the organ to be segmented. If three-
dimensional data and a resulting segmentation is not available, the desired image plane may
be defined using a graphical user interface (GUI) where the user can interactively rotate and
shift a virtual plane in relation to a phantom drawing of the three-dimensional organ surface
representing the shape of the segmentation model. In this way, a two-dimensional
segmentation model can be derived from the three-dimensional segmentation model by

means of the plane defined by the user via the GUI The desired viewing direction within the
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desired plane orientation may be defined by an advanced GUI (e.g., where the user can

position the ultrasound transducer or draw a scan acquisition direction).

BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects of the invention will be apparent from and elucidated
with reference to the embodiment(s) described hereinafter. In the following drawings

Fig. 1 shows a schematic representation of a medical imaging system in use to
scan a volume of a patient's body;

Fig. 2 shows a schematic block diagram of an embodiment of the ultrasound
imaging apparatus;

Fig. 3 shows a two-dimensional ultrasound image captured by an ultrasound
probe;

Fig. 4 shows a schematic diagram of a segmentation of an anatomical object;

Fig. 5 shows an alignment of the segmentation model and the ultrasound
image in order to segment an anatomical object in the field of view;

Fig. 6 shows a detailed diagram of segmentation model forming a three-
dimensional representation of an anatomical object together with additional information
about anatomical features and/or pattern recognition;

Fig. 7 shows an alignment of two-dimensional segmentation model and
medical image data to segment an anatomical object in the field of view; and

Fig. 8 shows a schematic flow diagram of a method for segmenting an object

in the field of view of an ultrasound acquisition unit.

DETAILED DESCRIPTION OF THE INVENTION

Fig. 1 shows a schematic illustration of an ultrasound imaging apparatus 10
according to an embodiment, in particular a medical ultrasound two-dimensional imaging
system. The ultrasound imaging apparatus 10 is applied to inspect a volume of an anatomical
site, in particular an anatomical site of a patient 12. The ultrasound imaging apparatus 10
comprises an ultrasound probe (or ultrasound acquisition unit) 14 having at least one
transducer array having a multitude of transducer elements for transmitting and/or receiving
ultrasound waves. The transducer elements are arranged in an array so that the ultrasound
probe 14 can determine two-dimensional ultrasound data in a field of view in an image plane

of the anatomical site of the patient 12.
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The ultrasound imaging apparatus 10 comprises a control unit 16 that controls
the ultrasound probe 14 and the acquisition of the ultrasound data. As will be explained in
further detail below, the control unit 16 controls not only the acquisition of ultrasound data
via the ultrasound probe but also signal and image processing that form the ultrasound
images out of the echoes of the ultrasound beam received by the transducer array of the
ultrasound probe 14. The control unit 16 further segments anatomical objects in the field of
view of the ultrasound probe 14 by aligning the image plane of the ultrasound probe 14 and a
segmentation plane of a segmentation of the respective anatomical object and aligns the
segmentation and the ultrasound image data as described in detail below.

The ultrasound imaging apparatus 10 further comprises a position determining
unit 18, which determines a position and a viewing direction of the ultrasound probe 14 in
order to determine the spatial orientation of an image plane of the ultrasound data acquired
by the ultrasound probe 14. The position determining unit 18 may be incorporated in the
ultrasound probe 14 as shown in Fig. 1 or, alternatively may be provided as a separate
positioning determining unit such as an electromagnetic tracking unit.

The ultrasound imaging apparatus 10 further comprises a display 20 for
displaying an image including the ultrasound data and the respectively aligned segmentation
model for defining a volume or a surface of the anatomical object in the field of view of the
ultrasound probe 14. Further, an input device 22 may be provided that may comprise keys or
a keyboard 24 for providing a user input. The input device 22 may be connected to the
display 20 or directly to the control unit 16.

Fig. 2 shows a detailed schematic diagram of the ultrasound imaging apparatus
10 shown in Fig. 1. Identical elements are denoted by identical reference numerals, wherein
here merely the differences are described in detail.

The ultrasound probe 14 comprises the transducer array 26 for transmitting
and receiving ultrasound waves 28 in a field of view 29. The ultrasound probe 14 comprises
the position determining unit 18 for determining a position and a viewing direction of the
ultrasound probe 14 or the transducer array 26. The position determining unit 18 determines
on the basis of the position and the viewing direction of the ultrasound probe 14 or the
transducer array 26 an image plane of ultrasound data 30 captured by the transducer array 26
and provided to the control unit 16. The ultrasound data is two-dimensional ultrasound data,
wherein two-dimensional image data can be derived from the two-dimensional ultrasound
data. The ultrasound data is preferably a continuous data stream and provided as live image

data.
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The ultrasound probe 14 is connected to an input interface 32 of the control
unit 16 to provide the ultrasound data 30 and the position and the viewing direction of the
ultrasound probe 14 or the image plane of the ultrasound data 30 to the control unit 16.

The control unit 16 comprises in general an image processor 34, which is
connected to the data interface 32 for receiving the ultrasound data 30 and the position and
the viewing direction or the image plane from the position determining unit 18. The control
unit 16 further comprises a segmentation unit 36 which is connected to a data interface 38 for
receiving medical image data from a database 40 or an additional medical imaging apparatus
40.

The image processor 34 in general determines an ultrasound image on the
basis of the ultrasound data 30 and provides the image data 42 to the display 20 in order to
display the image data to the user.

The segmentation unit 36 receives three-dimensional medical image data from
the database or the external medical imaging apparatus 40 as image data of the patient 12 and
provides a patient specific segmentation model of certain anatomical objects of the patient 12
on the basis of predefined segmentation models corresponding to the respective anatomical
objects. The external medical imaging apparatus 40 may be an MRT, a CT or a 3D
ultrasound apparatus. The patient specific segmentation model provided by the segmentation
unit comprises an adapted mesh of the predefined model adapted to the patient's anatomy and
in the patient's coordinate system. The so determined three-dimensional segmentation model
is provided by the segmentation unit 36 to the image processor 34.

The image processor 34 receives the two-dimensional ultrasound data 30 and
the respective image plane having the same coordinate system as the three-dimensional
segmentation model received from the input interface 32. On the basis of the image plane in
which the two-dimensional ultrasound data is captured, a segmentation plane is determined
and the three-dimensional segmentation model is cut or intersected along the segmentation
plane so that the three-dimensional segmentation model is reduced to a two-dimensional
segmentation model representing a contour or a shape of the respective anatomical object in
the segmentation plane.

During the transformation of the three-dimensional segmentation model to the
two-dimensional segmentation model intersected along the segmentation plane, additional
anatomical information and/or pattern information of the corresponding three-dimensional
segmentation model is also transformed and the corresponding two-dimensional

segmentation model is created. In this two-dimensional segmentation model, each of the
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model elements like segmentation lines are associated with additional information about the
anatomical features and/or pattern information of the corresponding ultrasound image.

The three-dimensional segmentation model is based on a predefined
segmentation model which is adapted to the respective anatomical object of the patient 12 on
the basis of the three-dimensional medical image data. It is formed by a mesh of triangles,
wherein each triangle includes boundary information, anatomical information or pattern
information corresponding to the anatomical object and the respective image data associated
with the anatomical object. During the transformation of the three-dimensional segmentation
model to the two-dimensional segmentation model, the triangles of the mesh are transformed
to corresponding lines of the contour in the two-dimensional segmentation model, wherein
the anatomical information, the boundary information and/or the pattern information
associated with the triangles is also transformed to the two-dimensional segmentation model,
so that the respective information is also associated with the lines of the two-dimensional
segmentation model.

The image processor 34 is configured to combine the two-dimensional
segmentation model and the ultrasound image data 30 in order to provide annotated image
data 42 which is provided to the display unit 20. The annotated image data 42 comprises
ultrasound image data of the anatomical object and the contour data or the shape of the
anatomical object superposed on the ultrasound image data in order to identify the anatomical
object in the combined image data 42. In the annotated image data 42 the different image
portions or pixels are annotated or labeled as a certain anatomical feature, in order to identify
or label the anatomical object. The contour or shape of the two-dimensional segmentation
model is adapted to the ultrasound image data by deforming the model contour on the basis
of pattern detection. Hence, a movement or a deformation of an anatomic object such as an
organ can be considered and the respective anatomical object can be identified or labeled
precisely with low technical effort. During the adaptation or deformation step the anatomical
information, the boundary information and/or the pattern information of the line segments of
the two-dimensional segmentation model is utilized to align the two-dimensional
segmentation model to the ultrasound image data and, further, the information is used to
adapt the shape of the two-dimensional segmentation model to the anatomical object in the
ultrasound data on the basis of pattern detection, contrast information and/or contrast
gradients in the ultrasound image data. Further, other mapped model parameters like energy
weights balancing mesh stiffness versus image forces can be utilized to adapt the contour or

the shape of the two-dimensional segmentation model to the image data.
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Since the segmentation plane and the respective two-dimensional
segmentation model can be determined with low technical effort and low computational
effort and since the adaptation or deformation of the two-dimensional segmentation model to
the ultrasound image data 30 can be performed with low computational effort and in a short
time frame, the adaptation of the two-dimensional segmentation model can also be applied to
live image data which is provided as a continuous data stream to the image processor 34.
Hence, the segmentation of the anatomical object can also be applied to ultrasound live
image applications.

Fig. 3 shows a schematic illustration of the ultrasound data 30 in the form of
an ultrasound image captured along the image plane, which is in this particular case the yx-
plane in the cartesian coordinate system indicated in Fig. 3. The so determined image plane
determined by the position determining unit 18 is provided to the image processor 34 so that
the image processor 34 can determine the segmentation plane for segmentation of the
anatomical object in the field of view 29 as described in the following. In Fig. 4, the three-
dimensional segmentation obtained by adapting a corresponding segmentation model is
schematically shown as a mesh 46 of triangles 47. The three-dimensional segmentation
model 46 is determined on the basis of a corresponding, predefined three-dimensional
segmentation model adapted to the anatomical object of the patient 12 on the basis of the
three-dimensional medical image data received from the database 40 or the medical image
apparatus 40 as described above and provided by the segmentation unit 36 to the image
processor 34. The image processor 34 determines a segmentation plane 48 corresponding to
the coordinates of the image plane provided by the position determining unit 18 as shown in
Fig. 4, wherein the segmentation plane corresponds to the yx-plane in the cartesian
coordinate system as indicated in Fig. 4. The segmentation plane 48 defines a cutting plane or
an intersection plane of the three-dimensional segmentation model 46, wherein the image
processor 34 is configured to determine two-dimensional segmentation model 50 on the basis
of the three-dimensional segmentation model 46, the corresponding three-dimensional
segmentation model, and the segmentation plane 48 as shown in Fig. 4. The two-dimensional
segmentation model 50 also defines a two-dimensional segmentation in the form of a two-
dimensional contour or a shape of the anatomical object to be segmented.

The two-dimensional segmentation model 50 comprises different line
segments 52 corresponding to the triangles 47 of the three-dimensional segmentation model
46 cut by the segmentation plane 48. The triangles 47 of the adapted three-dimensional

segmentation model 46 each comprises additional anatomical information, boundary
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information or pattern information, wherein the pattern information may include image
contrast information, image intensity information, intensity gradients which are expected in
the ultrasound image data 30. The pattern information may be for example intensities on both
sides of the triangle expected in the respective ultrasound image. The information associated
with each of the triangles of the three-dimensional segmentation model 46 is transformed to
the two-dimensional segmentation model 50, so that each of the line segments 52 comprises
the additional information and can be aligned accordingly to the ultrasound image. Hence,
the line segments 52 are e.g. not only adapted to the image data on the basis of edge detection
but also correspondingly aligned to image intensity on both sides of the line segments 52.

The alignment of the two-dimensional segmentation model 50 is schematically
shown in Fig. 5, wherein the segmentation model is superimposed and aligned to the
anatomical object in the ultrasound image data 30. In a further step, an annotated image 42 is
provided wherein each pixel is annotated or labeled as a certain anatomical object or feature
and wherein the annotated image 42 shall be displayed on the display unit 20. In order to
improve the precision of the alignment, the contour of the two-dimensional segmentation
model 50 is adapted to the ultrasound data 30 by deformation of the contour as schematically
shown by an arrow 54 in Fig. 5.

Hence, the segmentation model can be adapted to the ultrasound image data 30
with low computation effort and within a short time frame so that also live ultrasound image
data can be utilized for the respective definition or annotation of features of anatomical
objects in the field of view.

In Fig. 6, the three-dimensional segmentation model 46 is shown as a three-
dimensional mesh of triangles 47, wherein each triangle 47 comprises different anatomical
information, pattern information and/or boundary information for the respective alignment to
the image data. On basis of this detailed three-dimensional segmentation model 46, the two-
dimensional segmentation model 50 is derived and its contour can be aligned to the
respective pattern in the ultrasound data 30 and superimposed in order to provide the
annotated image 42 as shown in Fig. 7.

In Fig. 8 a schematic flow diagram illustrates a method for segmenting an
anatomical object in the field of view 29 of the ultrasound acquisition unit 14. The method is
generally denoted by 60. The method 60 starts at step 62. At step 64, the predefined three-
dimensional model is provided to the segmentation unit 36 and at step 66 the segmentation
unit 36 adapts the predefined three-dimensional segmentation model on the basis of the three-

dimensional medical image data received from the database 40 or the imaging apparatus 40.
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The three-dimensional segmentation model 46 is determined as a result of the adaption of the
predefined segmentation model to the respective anatomical features of the patient 12 derived
from the three-dimensional medical image data.

In step 68, the image processor 34 receives the adapted three-dimensional
segmentation model 46 from the segmentation unit 36 and the segmentation plane 48 from
the position determining unit 18 and determines the two-dimensional segmentation model 50
by cutting or intersecting the adapted three-dimensional segmentation model 46. At step 70,
the transducer array 26 captures the ultrasound data 30 and provides the ultrasound data 30 to
the image processor 34, wherein the image processor 34 combines the adapted two-
dimensional segmentation model 50 and the ultrasound image data 30 at step 72. At step 74
the image processor 34 adapts the two-dimensional segmentation model50 to the anatomical
object in the ultrasound data 30 on the basis of pattern detection in the ultrasound data 30 and
combines the so adapted segmentation model and the image data to the annotated or labeled
image 42, wherein in step 76, the annotated image data 42 is displayed by the display unit 20.
At step 78, the method 60 ends.

Hence, the anatomical object in the field of view 29 of the ultrasound probe 14
can be identified with low computational effort and reduced time consumption so that
anatomical objects can be segmented in live ultrasound images.

While the invention has been illustrated and described in detail in the drawings
and foregoing description, such illustration and description are to be considered illustrative 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 those
skilled in the art in practicing the claimed invention, from a study of the drawings, the
disclosure, and the appended claims.

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.

The 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.
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CLAIMS:

1. Ultrasound imaging apparatus (10) for segmenting an anatomical object in a
field of view (29) of an ultrasound acquisition unit (14), comprising:
- a data interface (32) configured to receive two-dimensional ultrasound data
(30) of the object in the field of view in an image plane from the ultrasound acquisition unit
(14) and to receive a three-dimensional segmentation model (46) as a three-dimensional
representation of the object from a segmentation unit (36),
- an image processor (34) configured to determine a two-dimensional
segmentation model (50) on the basis of the three-dimensional segmentation model (46) and
a segmentation plane (48), wherein the segmentation plane and an image plane of the two-
dimensional ultrasound data correspond to each other, and

wherein the image processor is configured to adapt a contour of the two-
dimensional segmentation model to the two-dimensional ultrasound data on the basis of
pattern detection and wherein the image processor is configured to provide annotated two-
dimensional image data (42) on the basis of the two-dimensional ultrasound data and the

adapted segmentation model adapted to the two-dimensional ultrasound data.

2. Ultrasound imaging apparatus as claimed in claim 1, wherein the segmentation
unit comprises a data interface (38) configured to receive three-dimensional medical image
data of the object, and wherein the segmentation unit is configured to adapt a predefined
three-dimensional segmentation model of the anatomical object on the basis of the three-

dimensional medical image data.

3. Ultrasound imaging apparatus as claimed in claim 2, wherein the segmentation
unit is configured to provide the adapted three-dimensional segmentation model to the data

interface.

4. Ultrasound imaging apparatus as claimed in claim 1, wherein the three-
dimensional segmentation model and/or the two-dimensional segmentation model include a

plurality of surface elements (47) or line elements (52) forming the representation of the
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anatomical object surface or contour and wherein anatomical information and/or pattern

information are assigned to the surface elements or line elements.

5. Ultrasound imaging apparatus as claimed in claim 4, wherein the image
processor is configured to adapt a contour of the two-dimensional segmentation model to the

ultrasound data on the basis of pattern information.

6. Ultrasound imaging apparatus as claimed in claim 4, wherein the pattern
information comprise ultrasound data intensity information of the object and wherein the
image processor is configured to adapt a contour of the two-dimensional segmentation model

to corresponding intensities in the two-dimensional ultrasound data.

7. Ultrasound imaging apparatus as claimed in claim 4, wherein the image

processor is configured to display the anatomical information in the annotated image data.

8. Ultrasound imaging apparatus as claimed in claim 1, further comprising a
position determining unit (18) for determining a position and a viewing direction of the
ultrasound acquisition unit and for determining the image plane of the two-dimensional
ultrasound data, wherein the image processor is configured to determine the segmentation

plane corresponding to the determined image plane.

9. Ultrasound imaging apparatus as claimed in claim 1, wherein the segmentation
plane is predefined in relation to the three-dimensional segmentation model and wherein the

image plane is adapted to the predefined segmentation plane.

10. Ultrasound imaging apparatus as claimed in claim 9, further comprising a user

interface (22), wherein the segmentation plane is predefined by the user via the user interface.

11. Ultrasound imaging apparatus as claimed in claim 1, wherein the data
interface is configured to receive the two-dimensional ultrasound data of the anatomical

object in the field of view from the ultrasound acquisition unit as a continuous data stream.

12. Method (60) for identifying an anatomical object in a field of view (29) of an

ultrasound acquisition unit (14), comprising the steps of:
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- receiving two-dimensional ultrasound data (30) in an image plane of the object
in the field of view from the ultrasound acquisition unit;

- receiving a three-dimensional segmentation model (46) as a three-dimensional
representation of the object from a segmentation unit (36),

- determining (68) a two-dimensional segmentation model (50) on the basis of
the three-dimensional segmentation model and a segmentation plane (48) intersecting the
three-dimensional segmentation model, wherein the segmentation plane and the image plane
correspond to each other,

- deforming a contour of the two-dimensional segmentation model to the two-
dimensional ultrasound data on the basis of pattern detection in the two-dimensional
ultrasound data, and

- providing (76) annotated two-dimensional image data (42) on the basis of the
two-dimensional ultrasound data and the adapted two-dimensional segmentation model

aligned to the two-dimensional ultrasound data.

13. Computer program comprising program means for causing a computer to carry
out the steps of the method (60) as claimed in claim 12 when said computer program is

carried out on a computer.
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