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(57) ABSTRACT

An image processing apparatus (16) is disclosed for seg-
menting a region of interest (15) in a multi-dimensional
image data of an object (12). The image processing appa-
ratus comprises an interface for receiving an image data of
the object including the region of interest to be segmented.
A selection unit selects a deformable model 30 of an
anatomical structure corresponding to the object in the
image data. A processing unit segments the region of interest
by adapting the deformable model on the basis of the image
data (xt) and additional information of the object.
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IMAGE PROCESSING APPARATUS AND
METHOD FOR SEGMENTING A REGION OF
INTEREST

FIELD OF THE INVENTION

[0001] The present invention relates to an image process-
ing apparatus for segmenting a region of interest in multi-
dimensional image data of an object. Further, the present
invention relates to a method for segmenting a region of
interest in a multi-dimensional image data of an object. The
present invention further relates to a computer program for
segmenting a region of interest in a multi-dimensional image
data of an object. The present invention finally relates to a
medical imaging system comprising an image acquisition
unit.

BACKGROUND OF THE INVENTION

[0002] In the field of medical image processing, various
processing tasks are typically performed on medical images
like ultrasound images, MRT images, computer tomography
images or the like. One specific processing task, which is a
fundamental task in many image processing applications, is
the segmentation of a region of interest e.g. a specific organ.
The segmentation is necessary for identifying organs or for
special diagnosis e.g. based on volume quantification in
order to improve the determination of treatment parameters.

[0003] For many organs, the image segmentation can
successfully be performed with deformable models, which
are based on a mesh structure with a topology which remains
unchanged during adaptation to the image being segmented.
Model-based segmentation has been considered very effi-
cient for a wide variety of simple to complex organs like
bones, liver, heart with nested structures. A corresponding
method for facilitating of images using deformable meshes
is e.g. known from WO 2007/072363.

[0004] WO 2011/070464 A2 discloses a system and a
method for automatic segmentation, performed by selecting
a deformable model of an anatomical structure of inerest
imaged in a volumetric image, wherein the deformable
model is formed of a plurality of polygons including vertices
and edges, wherein a feature point of the anatomical struc-
ture of interest corresponding to each of the plurality of
polygons is detected and the deformable model is adapted by
moving each of the vertices toward the corresponding fea-
ture point until the deformable model morphs to a boundary
of the anatomical structure of interest.

[0005] WO 2006/029037 A2 discloses a system and a
method for defining and tracking a deformable shape of a
candidate anatomical structure wall in a three-dimensional
image, wherein the shape of the candidate anatomical struc-
ture is represented by a plurality of labeled 3D landmark
points and at least one 3D landmark point of the deformable
shape in an image frame is defined.

[0006] Although model-based segmentations generally
provide a reliable and accurate identification and segmen-
tation of the organs, some anatomical structures like the
apex of the left ventricle of the heart, or the tip of the liver
or the horn of the ventricles of the brain are often difficult to
detect in the medical images so that the segmentation of
these features is challenging.
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SUMMARY OF THE INVENTION

[0007] Itisan object of the present invention to provide an
image processing apparatus and a corresponding method for
segmenting a region of interest in multi-dimensional image
data of an object having an improved reliability and accu-
racy.

[0008] According to one aspect of the present invention,
an image processing apparatus is provided for segmenting a
region of interest in multi-dimensional image data of an
object, comprising:

[0009] an interface for receiving the image data of the
object including the region of interest to be segmented,

[0010] a selection unit for selecting a deformable model
of an anatomical structure corresponding to the object
in the image data,

[0011] a processing unit for segmenting the region of
interest by adapting the deformable model on the basis
of the image data and additional anatomical informa-
tion of the object.

[0012] According to another aspect of the present inven-
tion a method for segmenting a region of interest in a
multi-dimensional image data of an object is provided,
comprising the steps of:

[0013] receiving the image data of the object including
the region of interest to be segmented,

[0014] selecting a deformable model of an anatomical
structure corresponding to the object in the image data,

[0015] segmenting the region of interest by applying the
deformable model to the image data, and

[0016] adapting the deformable model on the basis of
the image data and additional anatomical information
of the object.

[0017] According to another aspect of the invention a
computer program for segmenting a region of interest in a
multi-dimensional image data of an object is provided,
comprising program means for causing a computer to carry
out the steps:

[0018] receiving the image data of the object including
the region of interest to be segmented,

[0019] selecting a deformable model of an anatomical
structure corresponding to the object in the image data,

[0020] segmenting the region of interest by applying the
deformable model to the image data, and

[0021] adapting the deformable model on the basis of
the image data and additional anatomical information
of the object when said computer program is carried out
on a computer.

[0022] According to another aspect of the present inven-
tion a medical imaging system is provided comprising an
image acquisition unit for acquiring medical images and
comprising an image processing apparatus according to the
present invention for segmenting a region of interest in the
multi-dimensional image data of an object acquired by the
image acquisition unit.

[0023] Preferred embodiments of the invention are defined
in the dependent claims. It should be understood that the
claimed method has similar and/or identical preferred
embodiments as the claimed device and as defined in the
dependent claims.

[0024] The present invention is based on the idea to apply
a deformable model of an anatomical structure to the image
data and to adjust the deformable model on the basis of
known anatomical information of the object within the
image data. In other words known anatomical features of the



US 2017/0084023 Al

object to be segmented are used to adjust the deformable
model in order to improve the segmentation of the selected
deformable model. By means of the known anatomical
features of the object, an additional parameter can be utilized
for the adaption so that the segmentation becomes more
reliable and more accurate and also complicated structures
and structures which are badly detectable in the image data
can be segmented.

[0025] In a preferred embodiment, the processing unit is
designed to adapt a position of an element of the deformable
model on the basis of the image data and a known position
of an anatomical feature of the object. This is a possibility
to adjust the deformable model to a known position so that
the uncertainty is reduced and a more reliable and more
accurate segmentation can be achieved.

[0026] In a preferred embodiment, the processing unit is
designed to adapt a position of an element of the deformable
model on the basis of the image data and a known position
within the field of view of the image data. This is a
possibility to add a known position to the segmentation with
low technical effort, since the field of view of the image data
usually comprise edge conditions which can be utilized as
additional parameter for the segmentation.

[0027] In a preferred embodiment, the processing unit is
designed to adapt a position of an element of the deformable
model on the basis of the image data and corresponding
positions in consecutive time frames of the image data. This
is a possibility to utilize an anatomical feature of the object
which is derivable from a known motion or a known stability
of anatomical structures so that an additional parameter can
be used to increase the reliability and the accuracy of the
segmentation. Preferably the corresponding positions are
anatomical structures, which are usually stable over time so
that the respective anatomical structure can be correlated
and the deformable model can be adapted accordingly.
[0028] In a preferred embodiment, the corresponding posi-
tions are known corresponding anatomical features of the
object. This is a possibility to correlate anatomical features
of different time frames so that a time-dependent feature can
be added as additional parameter to improve the segmenta-
tion.

[0029] In a preferred embodiment, the processing unit is
designed to adapt a position of an element of the deformable
model on the basis of the image data and a vector or plane
derived from a field of view of the image data. This is a
possibility to to include external information when the
position is not known in all three dimensions.

[0030] In a preferred embodiment, the processing unit is
designed to adapt the position of the element on the basis of
a distance between the position of the element and the
known position or between the corresponding positions.
This is a possibility to reduce the technical effort for
adapting the deformable model, since distances can be easily
calculated in deformable models.

[0031] In a preferred embodiment, the deformable model
is adapted to minimize a model energy comprising a spring
energy derived from the distance.

[0032] In a preferred embodiment, the model energy com-
prises an external energy derived from the difference of the
deformable model to corresponding image features in the
region of interest and the spring energy. This is a possibility
to combine information from the different source so that an
overall improvement of the deformable model shape is
achieved.
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[0033] In a preferred embodiment, the spring energy is
weighted by a weight factor. This is a possibility to adjust the
spring energy within the overall model energy so that a
balance between the different energies within the model
energy can be achieved.

[0034] In a preferred embodiment, the processing unit is
designed to adapt the deformable model further on the basis
of an expected shape of the object. This is a possibility to
improve the segmentation, since the deformable model is
adapted to the medical image which includes the region of
interest to be segmented.

[0035] In a preferred embodiment, the deformable model
is formed by a mesh including polygons having vertices and
edges. This is a possibility to achieve a segmentation with a
high resolution so that the diagnosis of the anatomical
structure can be improved.

[0036] In a preferred embodiment, the deformable model
is adapted by adjusting the position of the vertices of the
mesh. This is a possibility to adapt the deformable model
with low technical effort.

[0037] As mentioned above, the present invention is based
on the idea to improve the reliability and accuracy of a
model-based segmentation by using external knowledge
about the acquisition of the image data or anatomical
structures or features to guide the segmentation. In general
the anatomical features are positions of anatomical struc-
tures, anatomical distances or anatomical points, which are
laterally stable over time so that additional known param-
eters can be added in order to reduce the uncertainty of the
segmentation and to improve the reliability and accuracy of
the model. The external known parameters are implemented
as spring energy, which are derived from distances of points
of the deformable model and corresponding points within
the image data so that the deformable model can be adapted
by a stepwise movement of the elements.

[0038] The overall convergence of the model adaptation
can be achieved by minimizing a model energy, which is
formed of an external model energy, internal model energy
and the spring energy. Hence, all relevant adaptation meth-
ods can be considered so that an optimal segmentation can
be achieved.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] These and other aspects of the invention will be
apparent from and elucidated with reference to the embodi-
ment(s) described hereinafter. In the following drawings
[0040] FIG. 1 shows a schematic representation of a
medical imaging system in use to scan a volume of a
patient’s body;

[0041] FIG. 2 shows a schematic diagram of a deformable
model including polygons and vertices for segmenting a
region of interest;

[0042] FIG. 3 shows a sectional view of the deformable
model in order to explain the adaptation of the model;
[0043] FIG. 4 shows an embodiment to adapt the deform-
able model on the basis of external knowledge in the field of
use;

[0044] FIG. 5a, b show examples of an improved segmen-
tation on the basis of external knowledge; and

[0045] FIG. 6 shows a flow diagram of a method for
segmenting a region of interest.
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DETAILED DESCRIPTION OF THE
INVENTION

[0046] FIG. 1 shows a schematic illustration of a medical
imaging system 10 according to one embodiment, in par-
ticular a medical three-dimensional (3D) ultrasound imaging
system 10. The medical imaging system 10 is applied to
inspect a volume of an anatomical site, in particular an
anatomical site of a patient 12. The medical imaging system
10 comprises an ultrasound probe 14 having at least one
transducer array having a multitude of transducer elements
for transmitting and/or receiving ultrasound waves. The
transducer elements are preferably arranged in a two-dimen-
sional array, in particular for providing a multi-dimensional
image data.

[0047] A 3D ultrasound scan typically involves emitting
ultrasound waves that illuminate a particular volume or
object within the patient 12, which may be designated as
target volume or region of interest 15. This can be achieved
by emitting ultrasound waves at multiple different angles. A
set of volume data is then obtained by receiving and pro-
cessing reflected waves. The set of volume data is a repre-
sentation of the region of interest 15 within the patient 12.
[0048] The medical imaging system 10 comprises an
image processing apparatus 16 for providing an image via
the medical imaging system 10. The image processing
apparatus 16 controls the image processing that forms the
image out of the echoes of the ultrasound beams received by
the transducer array of the ultrasound probe 14. The image
processing apparatus 16 comprises a control unit 18 that
controls the acquisition of image data via the transducer
array of the ultrasound probe 14 and serves as an interface
18 for receiving the image data. The control unit 18 is
connected to a selection unit 20 that selects a deformable
model of an anatomical structure corresponding to an object
in the region of interest 15 of the image data and provides
the selected deformable model and the image data to a
processing unit 22 for segmenting the object in the region of
interest 15 by applying the deformable model received from
the selection unit 20 to the image data. After segmenting of
the object within the region of interest 15, the segmentation
image and the ultrasound image of the region of interest 15
may be superposed and displayed on a display screen 24.
Further, an input device 26 may be provided connected to
the display unit 24 or to the image processing apparatus 16
in order to control the image acquisition, the segmentation
and/or the display of the ultrasound image and the segmen-
tation results.

[0049] In an alternative embodiment, the medical imaging
system 10 is connected to an MR device, a CT device or an
X-ray device in order to provide corresponding medical
images of the patient’s body 12 which can be segmented by
the image processing apparatus 16 and displayed on the
display unit 24.

[0050] FIG. 2 shows a deformable model 30 that repre-
sents surfaces of an anatomical structure and their spatial
constellation. The deformable model 30 is selected by the
selection unit 20 and e.g. loaded from a memory of the
image processing apparatus 16. The selected deformable
model 30 and the image data received from the interface 18
are then provided to the processing unit 22 to adapt the
deformable model to the anatomical structure identified in
the image data.

[0051] The deformable model 30 is formed of a mesh
comprising triangles which are formed by three neighbored
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vertices and a surface of the model which are connected to
each other by edges. The mesh forms a surface of the
anatomical structure. In an alternative embodiment, the
surface of the anatomical structure can be defined by poly-
gons replacing the triangles of the mesh.

[0052] The deformable model 30 comprises an initial
spatial shape which forms a mean mesh or a shape model
and the deformable model 30 is adapted to the anatomical
structure within the region of interest of the image data as
described in the following. In order to adapt the deformable
model 30 to the anatomical structures in the region of
interest 15 of the image data pattern detection of the image
data is performed and the corresponding positions are cor-
related accordingly.

[0053] FIG. 3 shows a sectional view of the deformable
model 30. The deformable model 30 comprises a plurality of
triangles T, to Ts. The triangles T are formed by vertices v,
which are connected to each other by edges. Each triangle T
comprises a triangle center c; to cs.

[0054] After the pattern detection of the image data has
been performed, the deformable model 30 is adapted to the
detected anatomical structures within the image data,
wherein the positions of the triangles T are adjusted so that
a so-called general energy function

E=E it OE

is minimized. E_, is in general an external energy which
moves the vertices and triangles T to the corresponding
positions of the anatomical structure detected in the image
data by the pattern detection, wherein E, , is an internal
energy, which moves the vertices and triangles T to the
original positions of the deformable model i.e. to the mean
mesh or the shape model.

[0055] The external energy is calculated by

T
Eeo =y il (c; = 51",

i=1

[0056] wherein x,” is the target point found by the pattern
detection, n,” is the direction from the respective triangle T
to the target point x,” and ¢, is the center of the triangle T, to
be adjusted to the target point x,. The sum is formed over
each of the triangles T and is each weighed by a weight
factor w;. When the model is adapted in a rigid of affine way
by minimization of the external energy E__,, it is also called
parametric adaptation of the model 30.

[0057)]

exts

The internal energy is calculated by the formula:

V. NG

Eipy = ZZ [ = v;)? = (m; — m)*]

=1 j=1

[0058] wherein v are the vertices of the adapted deform-
able model 30 and m are the vertices of the shape model or
the mean mesh as originally provided or selected. The sum
is formed over all vertices of the deformable model 30,
wherein each of the distances to the neighbored vertices v,
is determined. When the model is deformed freely by
minimization of the external and internal energy, it is also
called deformable adaptation of the deformable model 30.
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[0059] The minimization of the general energy E leads to
a segmentation which is a medium between the mean mesh
and the detected target points determined in the image data
by the pattern detection. This procedure of the adaptation of
the deformable model 30 is also described in detail in EP 1
251 462 B1.

[0060] According to the invention, the deformable model
30 is also adapted on the basis of known features of the
anatomical structure in order to improve the segmentation of
the deformable and parametric adaptation.

[0061] The anatomical features of the anatomical structure
may be a certain point or position or a distance within the
image data, which is known and which can be identified.
This may for example be the apex of the heart which
position is generally known and which distance to the skin
of the thorax is well known and can be derived from the
image data due to the position of the ultrasound probe 14.
Alternatively, the anatomical features of the anatomical
structure may be a plane derived from the field of view with
respect to the position of the ultrasound probe 14 or may be
anatomical structures, which are known to be stable over
time e.g. the apex of the heart so that corresponding points
or positions in different time frames of the image data can be
correlated. In general from the anatomical features with
respect to the deformable model an additional spring energy
is calculated and included in the function of the general
energy E.

[0062] The additional spring energy can pull certain cen-
ters ¢ of the triangles T to a selected point x;” if a certain
anatomical structure in the image data is identified or
determined. The selection of the known anatomical structure
can be performed automatically by means of the image
processing apparatus 16 or may be performed manually by
the user. The spring energy formed with respect to a certain
selected point can be calculated by the formula:

S
E =y wile; - )P,
=

[0063] wherein c, are the respective centers of the triangles
T, x;” are the selected corresponding points within the image
data and w; is a weight factor. In FIG. 3, the selected point
x;° is schematically shown, wherein the spring energy E,
moves the center ¢, of the first triangle T, to the selected
point x;°. Hence, the spring energy E; is calculated on the
basis of the difference between the triangle centers ¢ and the
corresponding selected anatomical structure x;” weighed by
the weight factor w, to weight the three energies within the
formula of the general energy.

[0064] In FIG. 4 a schematic illustration of a field of view
and the deformable model 30 is shown to explain an
adaptation of elements of the deformable model 30 to a
plane within a field of view of the medical imaging system
10. In FIG. 4 the field of view of the medical imaging system
10 and in particular of the ultrasound probe 14 is generally
denoted by 32.

[0065] The anatomical structure of the object to be seg-
mented is the heart of the patient 12 as shown in FIG. 4. In
particular, the segmentation of the apex of the heart is
difficult, wherein according to the present invention the
distance of the apex to the tip of the ultrasound probe 14 is
approximately known. The distance of the ultrasound probe
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14 to the apex is known since the ultrasound probe 14 is
located at the skin of the patient 12 and the anatomical
distance of the apex to the skin is approximately known. In
this case, the known distance of the apex can be used to
adapt the deformable model 30. The target point x;” is
implemented as a plane 34 at a certain distance from the
position of the ultrasound probe 14 and a direction n,” of the
triangle center c; of the apex position of the deformable
model 30 to the plane 34 is determined. On the basis of these
information, the spring energy E can be determined to adapt
the deformable model 30. The spring energy with respect to
the plane 34 can be calculated by the formula:

S
Es =) wiloe)c; - %)),

J=1

[0066] wherein n;” is the direction to the plane 34, c; the
center of the triangle of the deformable model 30 to be
adapted and x;” the target point at which the anatomical
structure is actually located. The so determined spring
energy Eg pulls the apex ¢, of the deformable model 30 to the
plane 34. In this case, the position of the ultrasound probe 14
is estimated as the intersection of the two border rays 36, 38
describing the frustum of the field of view in the center slice.
[0067] In a further embodiment, the position of a certain
element of the deformable model 30 in different time frames
of the image data is used. Certain anatomical structures, in
particular the apex of the heart are spatially stable within a
cardiacal cycle so that the position of the apex within the
deformable models 30 in different time frame of the image
data can be used to adapt the deformable model 30.
[0068] In this case different time frames are segmented
together and a spring energy is calculated on the basis of a
distance of the corresponding elements of the deformable
model 30, in particular on the basis of the distance of the
triangle centers c; between the different time frames of the
image data. The time-dependent spring energy to adapt the
deformable model 30 is calculated by the formula:

s

2

Es = Z wi(Cjn —Cin),
=

[0069] wherein c,,, and ¢, , are the triangle centers c, of
the different time frames t1 and t2, wherein w; is a weight
factor. If the position of the triangle centers c, in the different
time frames t1, t2 have a large difference, the time-depen-
dent spring energy E_ is high and the respective triangles of
the deformable model 30 are adapted accordingly in order to
reduce the spring energy E..

[0070] It shall be understood that not only a spatially
stable anatomical structure can be used to adapt the deform-
able model to improve the segmentation also a known
motion of anatomical structure within a cycle so that the
general anatomical behavior of the object to be segmented
can be used as additional formation.

[0071] The general energy E of the deformable model to
be minimized during the adaptation can be calculated by
means of the formula:

E=E, A0E; +Es.
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[0072] The additional spring energy and the additional
information regarding the anatomical features of the object
can improve the segmentation of the field of view 52, in
particular the segmentation of the apex of the heart. This is
in particular useful if the apex is not visible in the image data
received from the ultrasound probe 14. The resulting seg-
mentations of the heart improved on the basis of the addi-
tional anatomical information are shown in FIG. 5a, 5. It has
been shown that the additional anatomical information can
improve the volume quantification in particular of the left
ventricle in end-diastolic and end-systolic images so that the
overall diagnostic reliability can be improved.

[0073] FIG. 6 shows a schematic flow diagram illustrating
the method for segmenting the region of interest in the
multi-dimensional image data of the patient 12. The method
is generally denoted by 40.

[0074] The method 40 starts with the acquisition of the
image data by means of the ultrasound probe 14 and with the
receiving of the image data by means of the interface 18 of
the image processing apparatus 16 shown at step 42. After
receiving the image data the deformable model 30 is
selected by the selection unit 20 corresponding to the
anatomical structure of the object in the region of interest 15
to be segmented as shown in step 44. The deformable model
30 is selected from a memory of the processing apparatus
16. After the selection at step 44 the region of interest 15 is
segmented by applying the deformable model 30 to the
image data as shown in step 46. The deformable model 30
is finally adapted on the basis of known features of the object
in the image data as shown at step 48.

[0075] In step 48, the deformable model 30 may be further
adapted on the basis of the image features determined by a
pattern detection and on the basis of the mean mesh of the
deformable model as originally selected in order to mini-
mize the general energy E as described above.

[0076] It shall be understood that the image processing
apparatus 16 can be formed as a computer program carried
out on a computer and that the method 40 can be carried out
by the computer program.

[0077] The computer program may be stored/distributed
on a suitable (non-transitory) 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. Furthermore, the dif-
ferent embodiments can take the form of a computer pro-
gram product accessible from a computer usable or com-
puter readable medium providing program code for use by
or in connection with a computer or any device or system
that executes instructions. For the purposes of this disclo-
sure, a computer usable or computer readable medium can
generally be any tangible apparatus that can contain, store,
communicate, propagate, or transport the program for use by
or in connection with the instruction execution device.
[0078] Furthermore, the different embodiments can take
the form of a computer program product accessible from a
computer usable or computer readable medium providing
program code for use by or in connection with a computer
or any device or system that executes instructions. For the
purposes of this disclosure, a computer usable or computer
readable medium can generally be any tangible device or
apparatus that can contain, store, communicate, propagate,
or transport the program for use by or in connection with the
instruction execution device.
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[0079] In so far as embodiments of the disclosure have
been described as being implemented, at least in part, by
software-controlled data processing devices, it will be
appreciated that the non-transitory machine-readable
medium carrying such software, such as an optical disk, a
magnetic disk, semiconductor memory or the like, is also
considered to represent an embodiment of the present dis-
closure.

[0080] The computer usable or computer readable
medium can be, for example, without limitation, an elec-
tronic, magnetic, optical, electromagnetic, infrared, or semi-
conductor system, or a propagation medium. Non-limiting
examples of a computer readable medium include a semi-
conductor or solid state memory, magnetic tape, a removable
computer diskette, a random access memory (RAM), a
read-only memory (ROM), a rigid magnetic disk, and an
optical disk. Optical disks may include compact disk read
only memory (CD-ROM), compact disk read/write (CD-R/
W), and DVD.

[0081] Further, a computer usable or computer readable
medium may contain or store a computer readable or usable
program code such that when the computer readable or
usable program code is executed on a computer, the execu-
tion of this computer readable or usable program code
causes the computer to transmit another computer readable
or usable program code over a communications link. This
communications link may use a medium that is, for example,
without limitation, physical or wireless.

[0082] A data processing system or device suitable for
storing and/or executing computer readable or computer
usable program code will include one or more processors
coupled directly or indirectly to memory elements through a
communications fabric, such as a system bus. The memory
elements may include local memory employed during actual
execution of the program code, bulk storage, and cache
memories, which provide temporary storage of at least some
computer readable or computer usable program code to
reduce the number of times code may be retrieved from bulk
storage during execution of the code.

[0083] Input/output, or /O devices, can be coupled to the
system either directly or through intervening I/O controllers.
These devices may include, for example, without limitation,
keyboards, touch screen displays, and pointing devices.
Different communications adapters may also be coupled to
the system to enable the data processing system to become
coupled to other data processing systems, remote printers, or
storage devices through intervening private or public net-
works. Non-limiting examples are modems and network
adapters and are just a few of the currently available types
of communications adapters.

[0084] While the invention has been illustrated and
described in detail in the drawings and foregoing descrip-
tion, 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.

[0085] 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
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in mutually different dependent claims does not indicate that
a combination of these measures cannot be used to advan-
tage.

[0086] Any reference signs in the claims should not be
construed as limiting the scope.

1. An image processing apparatus for segmenting a region
of interest in multi-dimensional image data of an object,
comprising:

an interface for receiving the image data of the object
including the region of interest to be segmented,

a selection unit for selecting a deformable model of an
anatomical structure corresponding to the object in the
image data,

a processing unit for segmenting the region of interest by
adapting the deformable model on the basis of the
image data and additional anatomical information of
the object, wherein the processing unit is designed to
adapt a position of an element of the deformable model
on the basis of the image data and a known position of
an anatomical feature of the object.

2. (canceled)

3. The image processing apparatus as claimed in claim 1,
wherein the processing unit is designed to adapt a position
of an element of the deformable model on the basis of the
image data and a known position within a field of view of the
image data.

4. The image processing apparatus as claimed in claim 1,
wherein the processing unit is designed to adapt a position
of an element of the deformable model on the basis of the
image data and corresponding positions in consecutive time
frames of the image data.

5. The image processing apparatus as claimed in claim 1,
wherein the processing unit is designed to adapt a position
of an element of the deformable model on the basis of the
image data and a vector or plane derived from a field of view
of the image data.

6. The image processing apparatus as claimed in claim 4,
wherein the corresponding positions are known correspond-
ing anatomical features of the object.

7. The image processing apparatus as claimed in claim 1,
wherein the processing unit is designed to adapt the position
of'the element on the basis of a distance between the position
of the element and the known position or between the
corresponding positions.

8. The image processing apparatus as claimed in claim 7,
wherein the deformable model is adapted to minimize a
model energy comprising a spring energy derived from the
distance.

Mar. 23, 2017

9. The image processing apparatus as claimed in claim 8,
wherein the model energy comprises an external energy
derived from the difference of the deformable model to
corresponding image features in the region of interest and
the spring energy.

10. The image processing apparatus as claimed in claim 9,
wherein the spring energy is weighted by a weight factor.

11. The image processing apparatus as claimed in claim 1,
wherein the processing unit is designed to adapt the deform-
able model on the basis of an expected shape of the object.

12. The image processing apparatus as claimed in claim 1,
wherein the deformable model is formed by a mesh includ-
ing polygons having vertices and edges.

13. The image processing apparatus as claimed in claim
12, wherein the deformable model is adapted by adjusting
the position of the vertices of the mesh.

14. A method for segmenting a region of interest in a
multi-dimensional image data of an object, comprising the
steps of:

receiving the image data of the object including the region
of interest to be segmented,

selecting a deformable model of an anatomical structure
corresponding to the object in the image data,

segmenting the region of interest by applying the deform-
able model to the image data, and

adapting the deformable model on the basis of the image
data and additional anatomical information of the
object.

15. A computer program for segmenting a region of
interest in multi-dimensional image data of an object com-
prising program code means for causing a computer to carry
out the steps:

receiving the image data of the object including the region
of interest to be segmented,

selecting a deformable model of an anatomical structure
corresponding to the object in the image data,

segmenting the region of interest by applying the deform-
able model to the image data, and

adapting the deformable model on the basis of the image
data and additional anatomical information of the
object and on the basis of a known position of an
anatomical feature of the object when said computer
program is carried out on a computer.
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