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Description
FIELD OF THE INVENTION

[0001] The present invention relates to an ultrasound
imaging apparatus for segmenting anatomical objects in
a field of view of an ultrasound acquisition unit. The
presentinvention further relates to a method for segment-
ing an anatomical object in a field of view of an ultrasound
acquisition unit. In particular, the present invention re-
lates to image processing and segmentation of anatom-
ical objects in a scanned volume of a patient. The present
invention further relates to a computer program compris-
ing 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 compu-
ter.

BACKGROUND OF THE INVENTION

[0002] Inthefield of medical imaging systemsitis gen-
erally known to combine different images of a patient
acquired by identical or different medical analysis sys-
tems 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.

[0003] Ultrasound imaging systems can further com-
bine 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 A1.

[0004] During an ultrasound image assisted medical
procedure such as a biopsy and/or branchytherapy, a
real-time image and a corresponding real-time segmen-
tation of anatomical objects i.e. 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.
[0005] Conventional anatomical segmentation tech-
niques require a clear contrast between different tissues
visible in the provided image data such as magnet res-
onance tomography (MRT) or computer tomography
(CT). However a majority of the known segmentation
techniques have a reduced performance for ultrasound
imaging systems, since 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 seg-
mented can improve the segmentation of the anatomical
structuresin the ultrasound images and these techniques
are typically applied to three-dimensional data which re-
quire a large computation effort so that these techniques
are typically expensive and cannot be applied to real-
time applications.

[0006] WO 2004/111937 A1 relatestoa 3D image seg-
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mentation technique, in which delineation of a structure
of interest can be performed by fitting 3D deformable
models, for example, represented by polygonal meas-
ures, to the boundaries of the structure of interest.
[0007] In some further known biopsy and/or branchy-
therapy applications two-dimensional image data is ac-
quired and on the basis of a position sensor reconstructed
into a regular three-dimensional voxelarray whichis used
for segmentation of anatomical objects.

[0008] The disadvantage of the known techniques for
segmenting anatomical objects in ultrasound image data
is that the previously determined three-dimensional seg-
mentation models do not consider deformation of the an-
atomical 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 inter-
vention difficult. Furthermore, acquiring three-dimen-
sional data during the intervention is complex so that typ-
ically only two-dimensional data is acquired during the
intervention.

[0009] WO 2013/114257 A2 describes an imaging ap-
paratus for imaging an object, in which a geometric re-
lation determination unit determines a geometric relation
between first and second images of the object, and a
marker determination unit determines corresponding
marker locations in the firstand second images and mark-
er appearances based on the geometric relation such
that the marker appearances of a first marker to be lo-
cated at a first location in the firstimage and of a second
marker to be located at a second corresponding location
in the second image are indicative of the geometric re-
lation.

[0010] WO 2014/134188 A1 discloses techniques for
processing ultrasound data, including: obtaining ultra-
sound data generated based on one or more ultrasound
signals from an imaged region of a subject; calculating
shadow intensity data corresponding to the ultrasound
data; generating, based onthe shadow intensity dataand
abone separation parameter, an indication of bone pres-
ence in the imaged region, generating, based on the
shadow intensity data and a tissue separation parameter
different from the bone separation parameter, an indica-
tion of tissue presence in the imaged region; and gener-
ating an ultrasound image of the subject by combining
the indication of bone presence and the indication of tis-
sue presence.

SUMMARY OF THE INVENTION

[0011] Itis an object of the presentinvention 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 presentinvention to provide a corresponding meth-
od 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
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a non-transitory memory for storing such computer pro-
gram.

[0012] These objects are solved by the independent
claims. Advantageous embodiments are defined by the
dependent claims.

[0013] Preferred embodiments of the invention are de-
fined 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.

[0014] The present invention is based on the idea to
derive a two-dimensional segmentation model of an an-
atomical object from a three-dimensional segmentation
model and a segmentation plane which corresponds to
a cutting plane or an intersecting plane of the three-di-
mensional representation of the segmentation model,
wherein an image plane of the acquired ultrasound data
corresponds to the segmentation plane so that the cor-
responding 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 seg-
mentation model is further adapted to the two-dimension-
al ultrasound data by deforming a contour on the basis
of pattern detected in the ultrasound data. After the ad-
aptation of the model to the ultrasound data, a corre-
spondingly annotated two-dimensional image can be
provided. In the annotated two dimensional image data,
differentimage 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 ob-
ject can be annotated to provide a contour for visual dis-
play. Hence, the anatomical object can be segmented in
the ultrasound data received from the ultrasound acqui-
sition unit with low computational effort within a shorttime
frame and with high precision.

[0015] On the basis of the so reduced computational
effort the adaptation of a segmentation model and ultra-
sound 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 branchy-
therapy operations or other image-guided interventions.
[0016] 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 represen-
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tation of the anatomical object and forms the three-di-
mensional segmentation. The predefined three-dimen-
sional segmentation model and a patient specific three-
dimensional segmentation is used in the following during
processing of the two-dimensional segmentation.
[0017] This enables to utilize knowledge of general an-
atomicalfeatures and theimage appearance of the object
in the field of view derived from the predefined three-
dimensional segmentation model. As a result, we obtain
a two-dimensional segmentation model encoding the
knowledge about anatomical features and the image ap-
pearance. This two-dimensional model only needs to be
adapted to the individual anatomical features and image
appearance of the patient.

[0018] Ina further preferred embodiment, the segmen-
tation unit is configured to provide the adapted three-
dimensional segmentation model to the data interface.
[0019] In a preferred embodiment, the three-dimen-
sional segmentation model and/or the two-dimensional
segmentation model include a plurality of model ele-
ments forming a representation of the anatomical object
and wherein anatomical information and/or pattern infor-
mation are assigned to the model elements. The model
elements preferably form line elements or surface ele-
ments of the two-dimensional segmentation model or the
three-dimensional segmentation model. This is a possi-
bility to improve the adaptation of the contour of the two-
dimensional segmentation model and to improve the in-
formation provided in the annotated image data, since
the segmentation model includes more information than
the mere outer shape so that the probability of a mis-
alignment or a wrong segmentation can be reduced.
[0020] In a preferred embodiment, the image proces-
sor 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 im-
prove the precision of the identification and the align-
ment, 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 repre-
sentation of the anatomical object. The model elements
may comprise a patterninformation so that the respective
elements can be aligned to correspondingly formed pat-
ternin 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.

[0021] Ina preferred embodiment, the pattern informa-
tion 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 align-
ment 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 infor-
mation in the ultrasound image data. This is a possibility
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to improve the reliability of the alignment in general.
[0022] In apreferred embodiment, the pattern informa-
tion comprises intensity values and/or intensity gradients
to which the model elements are aligned. This is a pos-
sibility to further improve the adaptation or the deforma-
tion 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 ana-
tomical object in the field of view. In this respect the in-
tensity 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.

[0023] In a preferred embodiment, the image proces-
sor 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.

[0024] In a preferred embodiment, the ultrasound im-
aging 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-dimen-
sional ultrasound data and the segmentation plane cor-
responding to each other, so that an alignment of the
two-dimensional segmentation model and the two-di-
mensional ultrasound data can be achieved with low
computational effort, high precision, and within a short
time frame. The image plane is determined by the posi-
tion determining unit and on the basis of the so deter-
mined image plane, the segmentation plane is deter-
mined 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.

[0025] Inanalternative embodiment, the segmentation
plane is predefined in relation to the three-dimensional
segmentation and the image plane is adapted to the pre-
defined segmentation plane. This is a possibility to de-
termine 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 pro-
cedure.

[0026] In a further embodiment, the ultrasound imag-
ing apparatus comprises a user interface, wherein the
segmentation plane is predefined by the user via the user
interface in relation to the three-dimensional segmenta-
tion model. This is a possibility to select the segmentation
plane prior to the imaging and to adapt the image plane
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to the preselected segmentation plane. This allows to
select the segmentation plane without the need of ac-
quiring and segmenting a three-dimensional image be-
fore the start of two-dimensional imaging.

[0027] In a further preferred embodiment, the data in-
terface is configured to receive the two-dimensional ul-
trasound 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 da-
ta 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.
[0028] As mentioned above, the present invention pro-
vides 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-di-
mensional segmentation model is determined on the ba-
sis of a three-dimensional segmentation model thatis cut
or intersected along the segmentation plane which cor-
responds to the image plane of the two-dimensional ul-
trasound data to which the two-dimensional segmenta-
tion 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 detectionin 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 adap-
tation of the shape of the segmentation model so that
also a deformation of the anatomical object during the
analysis can be considered.

[0029] In addition, the present invention allows to use
only two-dimensional image data with a dynamically de-
fined 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 in-
teractively 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 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

[0030] These and other aspects of the invention will be
apparent from and elucidated with reference to the em-
bodiment(s) described hereinafter. In the following draw-
ings
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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 em-
bodiment 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 mod-
el 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 in-
formation about anatomical features and/or pattern
recognition;

Fig. 7 shows an alignment of two-dimensional seg-
mentation model and medicalimage 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

[0031] Fig. 1 shows a schematic illustration of an ul-
trasound imaging apparatus 10 according to an embod-
iment, in particular amedical 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 ultra-
sound 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-di-
mensional ultrasound data in a field of view in an image
plane of the anatomical site of the patient 12.

[0032] The ultrasound imaging apparatus 10 compris-
es a control unit 16 that controls the ultrasound probe 14
and the acquisition of the ultrasound data. As will be ex-
plained in further detail below, the control unit 16 controls
not only the acquisition of ultrasound data via the ultra-
sound probe but also signal and image processing that
form the ultrasound images out of the echoes of the ul-
trasound 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 seg-
mentation and the ultrasound image data as described
in detail below.

[0033] The ultrasound imaging apparatus 10 further
comprises a position determining unit 18, which deter-
mines a position and a viewing direction of the ultrasound
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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.

[0034] The ultrasound imaging apparatus 10 further
comprises a display 20 for displaying an image including
the ultrasound data and the respectively aligned segmen-
tation 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.

[0035] Fig. 2 shows a detailed schematic diagram of
the ultrasound imaging apparatus 10 shown in Fig. 1.
Identical elements are denoted by identical reference nu-
merals, wherein here merely the differences are de-
scribed in detail.

[0036] The ultrasound probe 14 comprises the trans-
ducer 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 determin-
ing a position and a viewing direction of the ultrasound
probe 14 or the transducer array 26. The position deter-
mining 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-dimen-
sional ultrasound data, wherein two-dimensional image
data can be derived from the two-dimensional ultrasound
data. The ultrasound data is a continuous data stream
and provided as live image data.

[0037] The ultrasound probe 14 is connected to an in-
put interface 32 of the control unit 16 to provide the ul-
trasound data 30 and the position and the viewing direc-
tion of the ultrasound probe 14 or the image plane of the
ultrasound data 30 to the control unit 16.

[0038] The control unit 16 comprises in general an im-
age processor 34, which is connected to the data inter-
face 32 for receiving the ultrasound data 30 and the po-
sition and the viewing direction or the image plane from
the position determining unit 18. The control unit 16 fur-
ther comprises a segmentation unit 36 which is connect-
ed to a data interface 38 for receiving medicalimage data
from a database 40 or an additional medical imaging ap-
paratus 40.

[0039] 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.

[0040] The segmentation unit 36 receives three-di-
mensional 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 segmenta-
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tion model of certain anatomical objects of the patient 12
on the basis of predefined segmentation models corre-
sponding to the respective anatomical objects. The ex-
ternal 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 co-
ordinate system. The so determined three-dimensional
segmentation model is provided by the segmentation unit
36 to the image processor 34.

[0041] The image processor 34 receives the two-di-
mensional 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 seg-
mentation plane is determined and the three-dimensional
segmentation model is cut or intersected along the seg-
mentation plane so that the three-dimensional segmen-
tation model is reduced to a two-dimensional segmenta-
tion model representing a contour or a shape of the re-
spective anatomical object in the segmentation plane.
[0042] During the transformation of the three-dimen-
sional segmentation model to the two-dimensional seg-
mentation model intersected along the segmentation
plane, additional anatomical information and/or pattern
information of the corresponding three-dimensional seg-
mentation modelis also transformed and the correspond-
ing two-dimensional segmentation model is created. In
this two-dimensional segmentation model, each of the
model elements like segmentation lines are associated
with additional information about the anatomical features
and/or pattern information of the corresponding ultra-
sound image.

[0043] 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 infor-
mation or pattern information corresponding to the ana-
tomical 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 con-
tour in the two-dimensional segmentation model, where-
in the anatomical information, the boundary information
and/or the pattern information associated with the trian-
gles s also transformed to the two-dimensional segmen-
tation model, so that the respective information is also
associated with the lines of the two-dimensional segmen-
tation model.

[0044] The image processor 34 is configured to com-
bine 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.
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The annotated image data 42 comprises ultrasound im-
age 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 con-
tour or shape of the two-dimensional segmentation mod-
el 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 re-
spective 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 segmenta-
tion model to the ultrasound image data and, further, the
information is used to adapt the shape of the two-dimen-
sional segmentation model to the anatomical object in
the ultrasound data on the basis of pattern detection,
contrast information and/or contrast gradients in the ul-
trasound image data. Further, other mapped model pa-
rameters 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.

[0045] Since the segmentation plane and the respec-
tive two-dimensional segmentation model can be deter-
mined with low technical effort and low computational
effort and since the adaptation or deformation of the two-
dimensional segmentation model to the ultrasound im-
age 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 segmen-
tation of the anatomical object can also be applied to
ultrasound live image applications.

[0046] Fig. 3 shows a schematic illustration of the ul-
trasound data 30 in the form of an ultrasound image cap-
tured along the image plane, which is in this particular
case the yx-plane in the cartesian coordinate system in-
dicated in Fig. 3. The so determined image plane deter-
mined 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 de-
scribed in the following. In Fig. 4, the three-dimensional
segmentation obtained by adapting a corresponding seg-
mentation 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 re-
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ceived from the database 40 or the medical image ap-
paratus 40 as described above and provided by the seg-
mentation unit 36 to the image processor 34. The image
processor 34 determines a segmentation plane 48 cor-
responding to the coordinates of the image plane provid-
ed 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 segmen-
tation model 50 on the basis of the three-dimensional
segmentation model 46, the corresponding three-dimen-
sional 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.

[0047] 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 mod-
el 46 each comprises additional anatomical information,
boundary information or pattern information, wherein the
pattern information may include image contrast informa-
tion, 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 ul-
trasound image. The information associated with each
of the triangles of the three-dimensional segmentation
model 46 is transformed to the two-dimensional segmen-
tation 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 seg-
ments 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 seg-
ments 52.

[0048] The alignment of the two-dimensional segmen-
tation 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 con-
tour 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.
[0049] Hence, the segmentation model can be adapt-
ed to the ultrasound image data 30 with low computation
effort and within a short time frame so that also live ul-
trasound image data can be utilized for the respective
definition or annotation of features of anatomical objects
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in the field of view.

[0050] In Fig. 6, the three-dimensional segmentation
model 46 is shown as a three-dimensional mesh of tri-
angles 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 segmenta-
tion 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.

[0051] 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 meth-
od 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. 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 da-
ta.

[0052] Instep 68, theimage 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 segmenta-
tion model 46. At step 70, the transducer array 26 cap-
tures 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 ana-
tomical 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 orlabeled 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.

[0053] 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 ultra-
sound images.

[0054] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative or exemplary and not restrictive; the invention
is not limited to the disclosed embodiments. Other vari-
ations to the disclosed embodiments can be understood
and effected by those skilled in the art in practicing the
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claimed invention, from a study of the drawings, the dis-
closure, and the appended claims.

[0055] 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 re-
cited in the claims. The mere fact that certain measures
are recited in mutually different dependent claims does
notindicate thata combination of these measures cannot
be used to advantage.

[0056] The computer program may be stored/distrib-
uted on a suitable medium, such as an optical storage
medium or a solid-state medium supplied together with
or as part of other hardware, but may also be distributed
in other forms, such as via the Internet or other wired or
wireless telecommunication systems.

[0057] Any reference signs in the claims should not be
construed as limiting the scope.

Claims

1. Ultrasound imaging apparatus (10) for segmenting
an anatomical object in a field of view (29) of an ul-
trasound acquisition unit (14) during an image-guid-
ed intervention, comprising:

- a data interface (32) configured to receive a
continuous two-dimensional ultrasound data
stream (30), provided as live image data, of the
object in the field of view in an image plane from
the ultrasound acquisition unit (14) and to re-
ceive 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 deter-
mine a two-dimensional segmentation model
(50) on the basis of the three-dimensional seg-
mentation model (46) and a segmentation plane
(48), wherein the segmentation plane and an
image plane of the continuous two-dimensional
ultrasound data stream correspond to each oth-
er, and

wherein the image processor is configured to
adapt a contour of the two-dimensional segmen-
tation model to the continuous two-dimensional
ultrasound data stream on the basis of pattern
detection, and wherein the image processor is
configured to provide annotated two-dimension-
al live image data (42) on the basis of the con-
tinuous two-dimensional ultrasound data
stream and the adapted segmentation model
adapted to the continuous two-dimensional ul-
trasound data stream.

2. Ultrasound imaging apparatus as claimed in claim
1, wherein the segmentation unit comprises a data
interface (38) configured toreceive three-dimension-

10

15

20

25

30

35

40

45

50

55

10.

al medical image data of the object, and wherein the
segmentation unit is configured to adapt a prede-
fined three-dimensional segmentation model of the
anatomical object on the basis of the three-dimen-
sional medical image data prior to the image-guided
intervention.

Ultrasound imaging apparatus as claimed in claim
2, wherein the segmentation unitis configured to pro-
vide the adapted three-dimensional segmentation
model to the data interface.

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
anatomical object surface or contour and wherein
anatomical information and/or pattern information
are assigned to the surface elements or line ele-
ments.

Ultrasound imaging apparatus as claimed in claim
4, wherein the image processor is configured to
adapt a contour of the two-dimensional segmenta-
tion model to the ultrasound data on the basis of
pattern information.

Ultrasound imaging apparatus as claimed in claim
4, wherein the pattern information comprise ultra-
sound data intensity information of the object and
wherein the image processor is configured to adapt
a contour of the two-dimensional segmentation mod-
elto corresponding intensities in the continuous two-
dimensional ultrasound data stream.

Ultrasound imaging apparatus as claimed in claim
4, wherein the image processor is configured to dis-
play the anatomical information in the annotated two-
dimensional live image data.

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 continuous two-dimensional
ultrasound data stream, wherein the image proces-
sor is configured to determine the segmentation
plane corresponding to the determined image plane.

Ultrasound imaging apparatus as claimed in claim
1, wherein the segmentation plane is predefined in
relation to the three-dimensional segmentation mod-
el and wherein the image plane is adapted to the
predefined segmentation plane.

Ultrasound imaging apparatus as claimed in claim
9, further comprising a user interface (22), wherein



11.

15 EP 3 242 602 B1 16

the segmentation plane is predefined by the user via
the user interface.

Method (60) for identifying an anatomical object in a
field of view (29) of an ultrasound acquisition unit
(14) during an image-guided intervention, compris-
ing the steps of:

- receiving a continuous two-dimensional ultra-
sound data stream (30), provided as live image
data, 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 representa-
tion of the object from a segmentation unit (36),
- determining (68) a two-dimensional segmen-
tation model (50) on the basis of the three-di-
mensional segmentation model and a segmen-
tation plane (48) intersecting the three-dimen-
sional segmentation model, wherein the seg-
mentation plane and the image plane corre-
spond to each other,

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

- providing (76) annotated two-dimensional live
image data (42) on the basis of the continuous
two-dimensional ultrasound data stream and the
adapted two-dimensional segmentation model
aligned to the continuous two-dimensional ultra-
sound data stream.

12. Computer program comprising instructions for caus-

ing an apparatus according to claim 1 to carry out
the steps of the method (60) as claimed in claim 11
when said computer program is carried out on the
apparatus.

Patentanspriiche

1.

Ultraschallbildgebungseinrichtung (10) zum Seg-
mentieren eines anatomischen Objekts in einem
Sichtfeld (29) einer Ultraschallerfassungseinheit
(14) wahrend einer bildgelenkten Intervention, um-
fassend:

- eine Datenschnittstelle (32), die konfiguriert ist,
um einen kontinuierlichen zweidimensionalen
Ultraschalldatenstrom (30), bereitgestellt als Li-
ve-Bilddaten, des Objekts in dem Sichtfeld in
einer Bildebene von der Ultraschallerfassungs-
einheit (14) zu empfangen und ein dreidimensi-
onales Segmentierungsmodell (46) als dreidi-
mensionale Darstellung des Objekts von einer
Segmentierungseinheit (36) zu empfangen,
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- einen Bildprozessor (34), der konfiguriert ist,
um ein zweidimensionales Segmentierungsmo-
dell (50) auf der Basis des dreidimensionalen
Segmentierungsmodells (46) und einer Seg-
mentierungsebene (48) zu bestimmen, wobei
die Segmentierungsebene und eine Bildebene
des kontinuierlichen zweidimensionalen Ultra-
schalldatenstroms einander entsprechen, und
wobei der Bildprozessor konfiguriertist, um eine
Kontur des zweidimensionalen Segmentie-
rungsmodells an den kontinuierlichen zweidi-
mensionalen Ultraschalldatenstrom auf der Ba-
sis von Mustererkennung anzupassen, und wo-
bei der Bildprozessor konfiguriert ist, um anno-
tierte zweidimensionale Live-Bilddaten (42) auf
der Basis des kontinuierlichen zweidimensiona-
len Ultraschalldatenstroms und des angepass-
ten Segmentierungsmodells, angepasst an den
kontinuierlichen  zweidimensionalen  Ultra-
schalldatenstrom, bereitzustellen.

Ultraschallbildgebungseinrichtung nach Anspruch
1, wobei die Segmentierungseinheit eine Daten-
schnittstelle (38) umfasst, die konfiguriert ist, um
dreidimensionale medizinische Bilddaten des Ob-
jekts zu empfangen, und wobei die Segmentierungs-
einheit konfiguriert ist, um ein zuvor definiertes drei-
dimensionales Segmentierungsmodell des anatomi-
schen Objekts auf der Basis der dreidimensionalen
medizinischen Bilddaten vor der bildgelenkten Inter-
vention anzupassen.

Ultraschallbildgebungseinrichtung nach Anspruch
2, wobei die Segmentierungseinheit konfiguriert ist,
um der Datenschnittstelle das angepasste dreidi-
mensionale Segmentierungsmodell bereitzustellen.

Ultraschallbildgebungseinrichtung nach Anspruch
1, wobei das dreidimensionale Segmentierungsmo-
dell und/oder das zweidimensionale Segmentie-
rungsmodell eine Vielzahl von Oberflachenelemen-
ten (47) oder Zeilenelementen (52) beinhalten, die
die Darstellung der anatomischen Objektoberflache
oder -kontur bilden, und wobei anatomische Infor-
mationen und/oder Musterinformationen den Ober-
flachenelementen oder Zeilenelementen zugeord-
net sind.

Ultraschallbildgebungseinrichtung nach Anspruch
4, wobei der Bildprozessor konfiguriert ist, um eine
Kontur des zweidimensionalen Segmentierungsmo-
dells an die Ultraschalldaten auf der Basis von Mus-
terinformationen anzupassen.

Ultraschallbildgebungseinrichtung nach Anspruch
4, wobei die Musterinformationen Ultraschalldaten-
intensitatsinformationen des Objekts umfassen und
wobei der Bildprozessor konfiguriert ist, um eine
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Kontur des zweidimensionalen Segmentierungsmo-
dells an entsprechende Intensitaten in dem kontinu-
ierlichen zweidimensionalen Ultraschalldatenstrom
anzupassen.

Ultraschallbildgebungseinrichtung nach Anspruch
4, wobei der Bildprozessor konfiguriert ist, um die
anatomischen Informationen in den annotierten
zweidimensionalen Live-Bilddaten anzuzeigen.

Ultraschallbildgebungseinrichtung nach Anspruch
1, weiter umfassend eine Positionsbestimmungsein-
heit (18) zum Bestimmen einer Position und einer
Blickrichtung der Ultraschallerfassungseinheit und
zum Bestimmen der Bildebene des kontinuierlichen
zweidimensionalen Ultraschalldatenstroms, wobei
der Bildprozessor konfiguriert ist, um die der bestim-
men Bildebene entsprechende Segmentierungse-
bene zu bestimmen.

Ultraschallbildgebungseinrichtung nach Anspruch
1, wobei die Segmentierungsebene in Relation zu
dem dreidimensionalen Segmentierungsmodell vor-
ab definiert wird und wobei die Bildebene an die zu-
vor definierte Segmentierungsebene angepasst
wird.

Ultraschallbildgebungseinrichtung nach Anspruch
9, weiter umfassend eine Benutzeroberflache (22),
wobei die Segmentierungsebene durch den Benut-
zer anhand der Benutzeroberflache vorab definiert
wird.

Verfahren (60) zum Identifizieren eines anatomi-
schen Objekts in einem Sichtfeld (29) einer Ultra-
schallerfassungseinheit (14) wahrend einer bildge-
lenkten Intervention, das die folgenden Schritt um-
fasst:

- Empfangen eines kontinuierlichen zweidimen-
sionalen Ultraschalldatenstroms (30), bereitge-
stellt als Live-Bilddaten, in einer Bildebene des
Objekts in dem Sichtfeld von der Ultraschaller-
fassungseinheit,

-Empfangen eines dreidimensionalen Segmen-
tierungsmodells (46) als dreidimensionale Dar-
stellung des Objekts von einer Segmentierungs-
einheit (36),

- Bestimmen (68) eines zweidimensionalen
Segmentierungsmodells (50) auf der Basis des
dreidimensionalen Segmentierungsmodells
und einer Segmentierungsebene (48), die das
dreidimensionale Segmentierungsmodell
schneidet, wobei die Segmentierungsebene
und die Bildebene einander entsprechen,

- Verformen einer Kontur des zweidimensiona-
len Segmentierungsmodells zu dem kontinuier-
lichen zweidimensionalen Ultraschalldaten-
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10

strom auf der Basis von Mustererkennung in
dem kontinuierlichen zweidimensionalen Ultra-
schalldatenstrom und

- Bereitstellen (76) annotierter zweidimensiona-
ler Live-Bilddaten (42) auf der Basis des konti-
nuierlichen zweidimensionalen Ultraschallda-
tenstroms und des an dem kontinuierlichen
zweidimensionalen Ultraschalldatenstrom aus-
gerichteten angepassten zweidimensionalen
Segmentierungsmodells.

12. Computerprogramm, umfassend Anweisungen, um

zu bewirken, dass eine Einrichtung nach Anspruch
1 die Schritte des Verfahrens (60) nach Anspruch
11 durchfiihrt, wenn das Computerprogramm auf der
Einrichtung durchgefihrt wird.

Revendications

Appareil d'imagerie ultrasonore (10) pour segmenter
un objet anatomique dans un champ de vision (29)
d’une unité d’acquisition ultrasonore (14) durant une
intervention guidée par image, comprenant :

- une interface de données (32) configurée pour
recevoir un flux de données ultrasonores en
deux dimensions continu (30), fournien tantque
données d'image en direct, de 'objet dans le
champ de vision dans un plan d’'image prove-
nant de I'unité d’acquisition ultrasonore (14) et
pour recevoir un modele de segmentation en
trois dimensions (46) en tant que représentation
en trois dimensions de I'objet a partir d’'une unité
de segmentation (36),

- un processeur d'image (34) configuré pour dé-
terminer un modéle de segmentation en deux
dimensions (50) sur la base du modéle de seg-
mentation en trois dimensions (46) et d’'un plan
de segmentation (48), dans lequel le plan de
segmentation et un plan d’image du flux de don-
nées ultrasonores en deux dimensions continu
correspondent 'un a l'autre, et

dans lequel le processeur d'image est configuré
pour adapter un contour du modele de segmen-
tation en deux dimensions au flux de données
ultrasonores en deux dimensions continu sur la
base d’une détection de motif, et dans lequel le
processeur d’image est configuré pour fournir
des données d’image en direct en deux dimen-
sions annotées (42) sur la base du flux de don-
nées ultrasonores en deux dimensions continu
et du modéle de segmentation adapté qui est
adapté au flux de données ultrasonores en deux
dimensions continu.

2. Appareil d'imagerie ultrasonore selon la revendica-

tion 1, dans lequel I'unité de segmentation comprend
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une interface de données (38) configurée pour re-
cevoir des données d’image médicale en trois di-
mensions de I'objet, et dans lequel l'unité de seg-
mentation est configurée pour adapter un modéle de
segmentation en trois dimensions prédéfini de l'objet
anatomique sur la base des données d’'image mé-
dicale en trois dimensions avant I'intervention gui-
dée par image.

Appareil d'imagerie ultrasonore selon la revendica-
tion 2, dans lequel I'unité de segmentation est con-
figurée pour fournir le modéle de segmentation en
trois dimensions adapté a I'interface de données.

Appareil d'imagerie ultrasonore selon la revendica-
tion 1, dans lequel le modéle de segmentation en
trois dimensions et/ou le modéle de segmentation
en deux dimensions incluent une pluralité d’élé-
ments de surface (47) ou éléments de ligne (52) for-
mant la représentation de la surface ou du contour
d’objet anatomique et dans lequel des informations
anatomiques et/ou informations de motif sont attri-
buées aux éléments de surface ou éléments de li-
gne.

Appareil d'imagerie ultrasonore selon la revendica-
tion 4, dans lequel le processeur d'image est confi-
guré pour adapter un contour du modele de segmen-
tation en deux dimensions aux données ultrasono-
res sur la base d’'informations de motif.

Appareil d'imagerie ultrasonore selon la revendica-
tion 4, dans lequel les informations de motif com-
prennent des informations d’intensité de données ul-
trasonores de l'objet et dans lequel le processeur
d’'image est configuré pour adapter un contour du
modele de segmentation en deux dimensions a des
intensités correspondantes dans le flux de données
ultrasonores en deux dimensions continu.

Appareil d'imagerie ultrasonore selon la revendica-
tion 4, dans lequel le processeur est configuré pour
afficher les informations anatomiques dans les don-
nées d'image en direct en deux dimensions anno-
tées.

Appareil d'imagerie ultrasonore selon la revendica-
tion 1, comprenant en outre une unité de détermina-
tion de position (18) pour déterminer une position et
une direction de visualisation de I'unité d’acquisition
ultrasonore et pour déterminer le plan d'image du
flux de données ultrasonores en deux dimensions
continu, dans lequel le processeur d'image est con-
figuré pour déterminer le plan de segmentation cor-
respondant au plan d'image déterminé.

Appareil d'imagerie ultrasonore selon la revendica-
tion 1, dans lequel le plan de segmentation est pré-
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défini par rapport au modéle de segmentation en
trois dimensions et dans lequel le plan d’image est
adapté au plan de segmentation prédéfini.

Appareil d'imagerie ultrasonore selon la revendica-
tion 9, comprenant en outre une interface utilisateur
(22), dans lequel le plan de segmentation est pré-
défini par l'utilisateur via I'interface utilisateur.

Procédé (60) pour identifier un objet anatomique
dans un champ de vision (29) d’'une unité d’acquisi-
tion ultrasonore (14) durant une intervention guidée
par image, comprenant les étapes de :

- réception d’un flux de données ultrasonores
en deux dimensions continu (30), fourni en tant
que données d’image en direct, dans un plan
d’'image de l'objet dans le champ de vision de-
puis l'unité d’acquisition ultrasonore ;

- réception d’un modéle de segmentation en
trois dimensions (46) en tant que représentation
en trois dimensions de I'objet depuis une unité
de segmentation (36),

- détermination (68) d’'un modéle de segmenta-
tion en deux dimensions (50) sur la base du mo-
dele de segmentation en trois dimensions et
d’'un plan de segmentation (48) croisant le mo-
dele de segmentation en trois dimensions, dans
lequelle plan de segmentation etle plan d'image
correspondent I'un a l'autre,

- déformation d’un contour du modéle de seg-
mentation en deux dimensions au flux de don-
nées ultrasonores en deux dimensions continu
sur la base d’'une détection de motif dans le flux
de données ultrasonores en deux dimensions
continu, et

- fourniture (76) de données d’image en direct
en deux dimensions annotées (42) sur la base
du flux de données ultrasonores en deux dimen-
sions continu et du modéle de segmentation en
deux dimensions adapté aligné au flux de don-
nées ultrasonores en deux dimensions continu.

Programme informatique comprenant des instruc-
tions pour amener un appareil selon la revendication
1 a réaliser les étapes du procédé (60) selon la re-
vendication 11 quand ledit programme informatique
est réalisé sur l'appareil.
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