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(67)  The presentinvention relates to a device (2) and
a method (100) for determining at least one final two-di-
mensional image or slice for visualizing an object of in-
terest in a three-dimensional ultrasound volume. The
method (100) for determining at least one final two-di-
mensional image, the method comprises the steps: a)
providing (101) a three-dimensional image of a body re-
gion of a patient body, wherein an applicator configured
for fixating at least one radiation source is inserted into
the body region; b) providing (102) an initial direction, in
particular by randomly determining the initial direction
within the three-dimensional image; c) repeating (103)
the following sequence of steps s1) to s4): s1) determin-
ing (104), via a processing unit, a set-direction within the
three-dimensional image based on the initial direction for
the first sequence or based on a probability map deter-
mined during a previous sequence; s2) extracting (105),
via the processing unit, an image-set of two-dimensional
images from the three-dimensional image, such that the
two-dimensional images of the image-set are arranged
coaxially and subsequently in the set-direction; s3) ap-
plying (106), via the processing unit, an applicator
pre-trained classification method to each of the two-di-
mensional images of the image-set resulting in a proba-
bility score for each of the two-dimensional images of the
image-set indicating a probability of the applicator being
depicted, in particular fully depicted, in the respective
two-dimensional image of the image-set in a cross-sec-
tional view; and s4) determining (107), via the processing
unit, a probability-map representing the probability

scores of the two-dimensional images of the image-set
with respect to the set-direction; wherein the method
comprises the further step: d) determining (108), via a
processing unit and after finishing the last sequence, the
two-dimensional image associated with the highest prob-
ability score, in particular from the image-set determined
during the last sequence, as the final two-dimensional
image. The invention provides an efficient way to ensure
that the ultrasound volume has the required clinical in-
formation by providing the necessary scan planes having
the object of interest e.g. the applicator (6) in a three-di-
mensional ultrasound volume.
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Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to a device and a
method for determining at least one final two-dimensional
image or slice for visualizing an object of interest in a
three-dimensional ultrasound volume.

BACKGROUND OF THE INVENTION

[0002] In brachytherapy, one or more radiation sourc-
es is placed inside the patient body in the treatment re-
gion comprising a tumor. Each radiation source emits
ionizing radiation to treat the surrounding tissue with the
main goal to destroy tumor cells included in this tissue.
In one type of brachytherapy, which is usually called tem-
porary brachytherapy, the radiation source is placed with-
in the treatment region for a defined short time interval
to apply the defined radiation dose particularly to the tu-
mor cells. This type of brachytherapy calls for an efficient
treatment of cervical cancer and other types of cancer,
such as prostate/cervical cancer.

[0003] To place the radiation source within the treat-
ment region, a so-called applicator is used. To prepare
the radiation treatment, the applicator is inserted into the
treatment region without including the radiation source.
Once the applicator is correctly positioned, a dose cal-
culation unit determines the dose distribution to be ap-
plied particularly based on the relative position between
the applicator and the tumor and based on the anatomical
configuration of the treatment region. Based on this dose
distribution, an irradiation plan is then determined that
specifies the positioning of the one or more radiation
sources within the applicator and the treatment time such
that the tumor cells are sufficiently treated and that sen-
sitive tissue surrounding the tumor cells (also referred to
as organs at risk) receives the lowest possible radiation
dose. Thereupon, the radiation source is delivered into
the applicator in accordance with the irradiation plan.
[0004] To help guide the placement of the applicator,
images of the treatment region are used which are ac-
quired using appropriate imaging modality. Moreover,
the dose distribution and irradiation plan are determined
based on an image acquired when the applicator is cor-
rectly positioned. In this regard, the irradiation plan is
often determined based on several two-dimensional ul-
trasound images, which may be acquired from different
(orthogonal) directions. In developing countries ultra-
sound proves to be a crucial modality of interest since
access to other alternative modalities like computer to-
mography or magnetic resonance tomography are limit-
ed due to high cost burden.

[0005] Varied dimension of data is captured for better
visualization of the object of interest to perform various
clinical activities as e.g. in WO 2015/068099 A1 relating
to an ultrasonic diagnostic imaging system and a method
enabling the automatic acquisition of standard view
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planes of the heart in real time. In such context, three-
dimensional ultrasound has been investigated for more
than 20 years. With recent advancement in computation
techniques and scanner technology, the acquisition of
volumes with automatic three-dimensional probes has
become less complicated and the quality of the images
acquired by three-dimensional ultrasound has improved
to become comparable to conventional ultrasound-B
mode images. The acquisition of larger fields of view is
one of the advantage of volumetric data. However, at the
same time the scan plane must be clinically acceptable
for ultrasonic measurement. Deviations from the above
may require the clinicians to acquire multiple sets of ul-
trasound images to get the desired information thus af-
fecting their clinical workflow.

SUMMARY OF THE INVENTION

[0006] There may be a need to have an efficient way
to ensure that the ultrasound volume has the required
clinical information by providing the necessary scan
planes having the object of interest e.g. the applicator in
athree-dimensional ultrasound volume. The object of the
present invention is solved by the subject-matter of the
independent claims; wherein further embodiments are
incorporated in the dependent claims.

[0007] It should be noted that the following described
aspects of the invention apply also for the apparatus, the
system, the method, the computer program element and
the computer readable medium.

[0008] According to a first aspect of the invention, a
device for determining at least one final two-dimensional
image is provided, wherein the device comprises: an in-
put interface; and a processing unit; wherein the input
interface is configured to receive a three-dimensional im-
age of a body region of a patient body, wherein an ap-
plicator configured for fixating at least one radiation
source is inserted into the body region; wherein the
processing unit is configured to randomly determine an
initial direction within the three-dimensional image, to re-
ceive a signal representing the initial direction via the
input interface or to access a predefined direction as the
initial direction; wherein the processing unit is configured
to repeat the following sequence of steps s1) to s4): s1)
determining a set-direction within the three-dimensional
image based on the initial direction for the first sequence
or based on a probability map determined during a pre-
vious sequence; s2) extracting an image-set of two-di-
mensional images from the three-dimensional image,
such that the two-dimensional images of the image-set
are arranged coaxially and subsequently in the set-direc-
tion; s3) applying an applicator pre-trained classification
method to each of the two-dimensional images of the
image-set resulting in a probability score for each of the
two-dimensional images of the image-set indicating a
probability of the applicator being depicted, in particular
fully depicted, in the respective two-dimensional image
of the image-set in a cross-sectional view; and s4) de-
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termining a probability-map representing the probability
scores of the two-dimensional images of the image-set
with respect to the set-direction; wherein processing unit
is configured to determine, after finishing the last se-
quence, the two-dimensional image associated with the
highest probability score, in particular from the image-
set determined during the last sequence, as the final two-
dimensional image.

[0009] The three-dimensional image may also be re-
ferred to a three-dimensional volume or a three-dimen-
sional slice.

[0010] The basic idea of the invention is to take a
known volumetric three-dimensional body region ac-
quired by ultrasound measurements and automatically
look for a slice comprising a sufficient illustration of the
object of interest, i.e. the applicator. The first step the
three-dimensional niche of the body region is sliced and
onerandomly determined direction. The slices are virtual
slices of the three-dimensional body region. Further-
more, the slices may have constant distance from each
other such that they are coaxial.

[0011] At least one of the slices comprises a part of
the applicator image. When determining the probability
map of the plurality of slices those slices comprising por-
tions of the applicator get a high probability score. The
probability scores are represented in a probability map
of the two-dimensional images of the image set.

[0012] Based on the probability map a new set of slices
is created in a new direction. That direction is determined
based on the probability map analysis. For the new di-
rection, a new probability map is determined. The se-
quence of determining probability maps is repeated until
a probability map shows that the corresponding image
set comprises a slice with a sufficiently good represen-
tation of the applicator.

[0013] The time a clinician spends having to browse
through orthogonal planes to find the best image is re-
duced by the invention. Furthermore, it may be possible
to create a two-dimensional view with an "in plane" view
of the long axis of the applicator. According to an exam-
ple, the final two-dimensional image is formed by the two-
dimensional image associated with the highest probabil-
ity score, in particular from the image-set determined dur-
ing the last sequence.

[0014] Furthermore, in another example the process-
ing unit is configured to perform step s2) such that the
two-dimensional images of the image-set represent vir-
tual slices of the body region. As an effect, the corre-
spondence between the images and the virtual slices is
provided.

[0015] In a certain example, the processing unit is con-
figured to apply a Gaussian fit to the probability scores
of the two-dimensional images of the image-set for de-
termining the probability map. As an effect, the probability
may will approximate a Gaussian curve representing the
probability scores about the set-direction or number of
two-dimensional images, respectively.

[0016] According to another example, step s4) com-
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prises the sub-step: s4.1) finishing the repetition of the
sequence, if the highest probability score of the proba-
bility scores of the two-dimensional images of the current
image-setis higher than a predefined value, or if one two-
dimensional image of the of the two-dimensional images
of the current image-set entirely depicts the actuator in
a cross-sectional view.

[0017] In a further example, step s4) comprises the
sub-steps: s4.2) determining a standard deviation o
based on the probability map determined during the cur-
rent sequence; and s4.3) finishing the repetition of the
sequence, if a standard deviation ¢ determined during
the at least one previous sequence represents a mini-
mum standard deviation ¢ about all determined standard
deviation o. As an effect, the value of the standard devi-
ation may provide the basis for a stopping criteria of the
repetition of the sequence.

[0018] According to a further example, the processing
unit is configured to perform step s1), if the set-direction
is to be determined based on the probability map, with
the following sub-steps: s1.1) determining a standard de-
viation ¢ based on the probability map; and s1.2) deter-
mining the set-direction based on the standard deviation
o. As an effect, determining the set-direction relates (ex-
cept for the initial choice) to an iterative optimization al-
gorithm.

[0019] According to a further exemplary embodiment,
the device comprises the processing unit is configured
to perform step s1), if the set-direction is to be determined
based on the probability map, with the following sub-
steps: s1.1) determining a gradient map based on the
probability map; and s1.2) determining the set-direction
based on the gradient map.

[0020] In another example, the applicator pre-trained
classification method is an applicator pre-trained deep
learning classification method.

[0021] According to a certain example, the applicator
pre-trained classification method is an applicator pre-
trained convolutional neuronal network classification
method.

[0022] According to a second aspect of the present
invention, an imaging system for determining atleastone
final two-dimensional image of a body region of a patient
body is provided, comprising an applicator configured for
fixating at least one radiation source is inserted into the
body region, wherein the system comprises: an ultrason-
ic transducer; and a device according to one of the pre-
ceding claims; wherein the ultrasonic transducer is con-
figured to acquire a plurality of two-dimensional ultrason-
ic images of the body region; wherein the system is con-
figured to determine a three-dimensional image of the
body region based on the plurality of two-dimensional
ultrasonic images.

[0023] In a certain example, the processing is config-
ured to perform step s2), such that a two-dimensional
image is taken over from one of the plurality of the two-
dimensional ultrasonic images, if the overtaken two-di-
mensional ultrasonicimage fits into the respective image-
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set. As an effect, interpolation artefacts may be prevent-
ed or reduced.

[0024] Accordingto a third aspect of the presentinven-
tion, a method for determining at least one final two-di-
mensional image is provided, comprising the steps of:

a) providing a three-dimensional image of a body
region of a patient body, wherein an applicator con-
figured for fixating at least one radiation source is
inserted into the body region;

b) providing an initial direction, in particular by ran-
domly determining the initial direction within the
three-dimensional image;

c) repeating the following sequence of steps s1) to
s4):

s1) determining, via a processing unit, a set-di-
rection within the three-dimensional image
based on the initial direction for the first se-
quence or based on a probability map deter-
mined during a previous sequence;

s2) extracting, via the processing unit, an image-
set of two-dimensional images from the three-
dimensional image, such that the two-dimen-
sional images of the image-set are arranged co-
axially and subsequently in the set-direction;
s3) applying, via the processing unit, an appli-
cator pre-trained classification method to each
of the two-dimensional images of the image-set
resulting in a probability score for each of the
two-dimensional images of the image-set indi-
cating a probability of the applicator being de-
picted, in particular fully depicted, in the respec-
tive two-dimensional image of the image-set in
a cross-sectional view; and

s4) determining, via the processing unit, a prob-
ability-map representing the probability scores
of the two-dimensional images of the image-set
with respect to the set-direction.

[0025] The method comprises the further step:

d) determining, via a processing unit and after fin-
ishing the last sequence, the two-dimensionalimage
associated with the highest probability score, in par-
ticular from the image-set determined during the last
sequence, as the final two-dimensional image.

[0026] With respect to the order of the steps it is noted
that step a) is performed before step d). The step b) may
have been computed or otherwise prepared beforehand.
For step c), steps a) and b) must have been performed.
Step d) is performed after step c.

[0027] According to a fourth aspect of the present in-
vention, a computer program element is provided, which,
when being executed by a processing unit is adapted to
carry out the method described above.

[0028] According to a fifth aspect of the present inven-
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tion, a computer readable medium having stored thereon
a program element is provided, which, when being exe-
cuted by a processing unit is adapted to carry out the
method described above.

[0029] These and other aspects of the present inven-
tion will become apparent from and be elucidated with
reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Exemplary embodiments of the invention willbe
described in the following with reference to the following
drawings:

Fig. 1 shows a schematic view of an embodiment of
the imaging system comprising the device for deter-
mining at least one final two-dimensional image.
Fig. 2 shows a schematic view of an embodiment of
the method steps concerning the slicing of the body
region and the resulting probability map.

Fig. 3 shows a schematic view of an embodiment of
the method.

Fig. 4 shows a schematic view of another embodi-
ment of the method.

Fig. 5A, B show embodiments of step s1).

Fig. 6 shows a schematic view of an embodiment of
a computer readable medium.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0031] Before further describing the imaging system
and the device for determining at least one final two-di-
mensional image, examples of a method for determining
at least one final two-dimensional image are described
in further detail referring to Fig. 3.

[0032] Fig. 3 shows a method 100 for determining at
least one final two-dimensional image. The method 100
comprises several steps.

[0033] Ina first step 101 a three-dimensional image of
the body region of the patient body is provided. An ap-
plicator is introduced in the patient body for fixating at
least one radiation source in the body region. In an ex-
ample, the three-dimensional image of the body region
of the patient body is acquired by ultrasound measure-
ments. Furthermore, the three-dimensional image of the
body region of the patient body may be determined by
two-dimensional images acquired by the ultrasound
measurement.

[0034] In a second step 102 and initial direction within
the three-dimensional image is provided. In an example
the initial direction may be provided randomly. This
means the method can provide any direction in the three-
dimensional image of the body region of the patient.
[0035] Inanexample, theinitial direction is determined
as one of the predetermined Cartesian directions of the
three-dimensional image.

[0036] Ina further example, the initial direction may be
provided via a signal representing the initial direction.
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[0037] In an example, the initial direction may be pro-
vided via accessing a server or a memory device.
[0038] Inathird step 103 a sequence of steps is started
and repeated. In the following the steps of the sequence
are described.

[0039] In a fourth step 104, a set-direction within the
three-dimensional image based on the initial direction for
the first sequence is determined via a processing unit. If
previous sequences of the sequence have been per-
formed the set-direction within the three-dimensional im-
age is determined based on a probability map of at least
one of the previous sequences. This means that when
starting the sequence according to step 103 the first time
the first sequence is started. For the first sequence the
initial direction being acquired in step 102 represents the
set-direction for the following steps. Starting with the sec-
ond sequence, i.e. the first repetition of the sequence,
the probability map of at least one of the previous se-
quences is used to determine the set-direction for the
first repetition of the sequence.

[0040] In an example, the fourth step 104 may com-
prise the sub-steps of: identifying the set-direction of the
three-dimensional image through a statistical analysis on
the probability map which fetches a compact represen-
tation of the applicator.

[0041] In a fifth step 105, an image set of two dimen-
sional images from the three-dimensional image is ex-
tracted via the processing unit. The extraction is per-
formed such that the two-dimensional images of the im-
age set are arranged coaxially and subsequently in the
set-direction. This means that the three-dimensional im-
age of the body region of the patient is sliced in a set of
parallel planes along the set-direction and being orthog-
onal to the set-direction. Each plane thereby represents
a two-dimensional image. The plurality of the planes rep-
resents the set of the two-dimensional images from the
three-dimensional image.

[0042] In an example the two-dimensional images of
the image set represent virtual slices of the body region.
This means, that the three-dimensional image is virtually
sliced to acquire the two-dimensional images. As an ef-
fect, the correspondence between the images and the
virtual slices is provided.

[0043] In an example, the two-dimensional images
represent the three-dimensional image in total.

[0044] As an effect, the three-dimensional image is di-
vided into the two-dimensional images during the fifth
step 105 of each sequence. Thus, for each evaluation of
the respective probability scores, always the whole three-
dimensional image is indirectly considered via the two-
dimensional images.

[0045] In a sixth step 106, and applicator pre-trained
classification method is applied to each of the two-dimen-
sional images of the image set by a processing unit. The
applicator pre-trained classification method determines
a probability score for each of the two-dimensional im-
ages of the image set. The probability score being deter-
mined for atwo-dimensionalimage indicates a probability
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of the applicator being depicted in that two-dimensional
image. Since the three-dimensional image of the body
region comprises an image of the applicator, the two-
dimensional images may comprise at least a portion of
the cross-sectional view of the applicator. The highest
probability score is given if the cross-sectional view of
the applicator shows the cross-section of the applicator
along on the longitudinal axis of the applicator wherein
the longitudinal axis is the longest axis inside the appli-
cator. This means, if a two-dimensional image comprises
the longitudinal axis of the applicator, the full cross-sec-
tion of that applicator is fully shown in that two-dimen-
sional image.

[0046] The lowest probability score maybe assigned if
the applicator pre-trained classification method does not
find any portion of the image of the applicator in the cor-
responding two-dimensional image.

[0047] In an example, the applicator pre-trained clas-
sification method is an applicator pre-trained deep learn-
ing classification method.

[0048] In another example, the applicator pre-trained
classification method is an applicator pre-trained convo-
lution of neuronal network location method.

[0049] In a further example the applicator pre-trained
classification method is pre-trained with a google net ar-
chitecture or with a hyper-parameter fine-tuning.

[0050] In a seventh step 107, the processing unit de-
termines a probability map representing the probability
scores of the two-dimensional images of the image set
with respect to the set-direction. This means, that the
probability scores are mapped in a probability map
wherein the x-axis of the map represents the position of
the two-dimensional image of that probability score and
the y-axis represents the probability score being deter-
mined by the applicator pre-trained classification method
for that two-dimensional image.

[0051] In an example, a Gaussian fit is performed on
the probability scores of the two-dimensional images of
the image set for determining the probability map. As an
effect, the probability will approximate a Gaussian curve
representing the probability scores about the set-direc-
tion or number of two-dimensional images, respectively.
[0052] Inan exemplary embodiment, the seventh step
107 comprises a sub-step 109. In the sub-step 109, the
repetition of the sequence is finished if a high probability
score of probability scores of the two-dimensionalimages
of the currentimage setis higher than a predefined value.
Alternatively, the repetition of the sequences is finished
if one two-dimensional image of the two-dimensional im-
ages of the current image that entirely depicts the actu-
ator in a cross-sectional view. This means, that if a slice
of the three-dimensional image comprises the longitudi-
nal axis of the actuator or is at least parallel to the longi-
tudinal axis of the actuator and comprises a cross-sec-
tional view of the actuator the sequence is finished. Al-
ternatively, if the angle between the longitudinal axis and
the slice of the three-dimensional image is below a certain
threshold such that the probability score of one of the
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slices exceeds a predefined threshold value, the se-
quence will he finished, too.

[0053] In an example, the predefined value may be
chosen or predefined, such that it can be assumed that
the two-dimensional image corresponding to the respec-
tive highest value at least almost entirely depicts the ac-
tuator in a cross-sectional view.

[0054] In a further exemplary embodiment being
shown in fig. 4, the seventh step 107 comprises further
sub-steps 110 and 111.

[0055] In astep 110, a standard deviation ¢ based on
the probability map is determined using the current se-
quence. This means, that the maximum value of the prob-
ability scores of a probability map of the current sequence
is determined. Then the standard deviation o of the plu-
rality of probability scores from that maximum value is
determined.

[0056] In an eighth step 111 the repetition of the se-
quences is finished if the determined standard deviation
o represents a minimum standard deviation ¢ about all
determined standard deviations o. The determined
standard deviation ¢ of the current sequence is therefore
compared to the determined standard deviation o of the
previous sequences. If one of the previous sequences
comprises the minimum standard deviation ¢ about all
sequences, i.e. if the standard deviation ¢ of the current
sequence is higher than one of the previous sequences,
the repetition of the sequence is stopped.

[0057] As an effect, the value of the standard deviation
may provide the basis for a stopping criteria of the rep-
etition of the sequence.

[0058] The steps 104 to 107 are part of the repeated
sequence of the third step 103.

[0059] In an example, the sequence may be repeated
several times. At each sequence, an improved set-direc-
tion may be determined, along which a set of two-dimen-
sional-images are extracted from (the same) three-di-
mensional-image. The probability associated with each
image may provide the information about a compactness
of an indication of the applicator within the respective
two-dimensional-image. A probability may be deter-
mined based on the probabilities of the two-dimensional-
image. At the next sequence, this probability map may
be considered, to determine a new set-direction. Thus,
an optimization of the set-direction may be achieved. As
an effect, the images acquired along an optimized or best
set-direction, respectively, may comprise at least one
two-dimensional-image, which indicate a (very) compact
representation of the applicator. Thus, the at least one
image may illustrate a cross-sectional view of the full ap-
plicator.

[0060] In the step 108, the processing unit determines
the final two-dimensional image from the two-dimension-
al image associated with the highest probability score
after finishing the last sequence.

[0061] In an example, the highest probability score is
determined from the image set of the last sequence. This
means that the processing unit assigns the two-dimen-
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sional image having the highest probability score from
the last sequence as final two-dimensional image. This
means, that the final two-dimensional image comprises
the best cross-sectional view of the applicator being
found by the method. The final two-dimensional image
may be presented to the staff to indicate the position of
the applicator in the body region of the patient.

[0062] In an example, the probability may represent a
Gaussian probability map, wherein the standard devia-
tion decreases from sequence to sequence. Thus, the
probability map determined during the last sequence may
comprise the two-dimensional-image for which the high-
est probability score is determined.

[0063] In an example, determining the set-direction
based on the probability may relate to an application of
an iterative optimization algorithm, in particular a gradient
descent algorithm.

[0064] Furthermore, in an example, the final two-di-
mensional image may be formed by the two-dimensional
image associated with highest probability score of image
set.

[0065] Fig. 5a shows an exemplary embodiment of the
fourth step 104. In that embodiment step 104 comprises
the sub-steps 112 and 113. Steps 112 and 113 are per-
formed only, if the set-direction is to be determined based
on the probability map of at least one previous sequence.
[0066] In step 112, the standard deviation ¢ based on
the probability map is determined.

[0067] In step 113, the set-direction is determined
based on the standard deviation o. If the standard devi-
ation o is high the set-direction of the current sequence
will deviate from the set-direction of the previous se-
quence by a high amount, i.e. the angle between the set-
direction of the current sequence and the set-direction
of the previous sequence will be high. If standard devia-
tion o is very low, the set-direction of the current se-
quence will not deviate much from the set-direction of
the previous sequence, i.e. the angle between the set-
direction of the current sequence and the set-direction
of the previous sequence will be small.

[0068] Fig. 5b shows another embodiment of step 104.
In that embodiment step 104 comprises sub-steps 114
and 115. Steps 114 and 115 are performed only if the
set-direction is to be determined based on the probability
map.

[0069] In step 114 a gradient map based on the prob-
ability map is determined. This means that the gradient
values between the probability scores of adjacent two-
dimensional images of the three-dimensional image are
determined. The gradient map comprises the plurality of
determined gradient values and maps them to the posi-
tion of the corresponding two-dimensional image in the
three-dimensional image.

[0070] In step 115, the set-direction is determined
based on the gradient map. This means, if high gradient
values indicating a big change between the probability
scores of adjacent two-dimensional images are distrib-
uted in a big region along the set-direction, the set-direc-



11 EP 3 381 512 A1 12

tion of the current sequence will deviate from the set-
direction of the previous sequence by a high amount, i.e.
the angle between the two step directions will be high. If
high gradient values between the probability scores of
the adjacent two-dimensional images are distributed in
a small region along the set-direction, the direction of the
current sequence will not deviate much from the set-di-
rection of the previous sequence, i.e. the angle between
the two set-directions will be small.

[0071] Fig. 1 shows animaging system 1. The imaging
system 1 comprises an ultrasonic transducer 4 and a
device 2 for determining at least one final two-dimension-
al image.

[0072] The ultrasonic transducer 4 is configured to im-
age a body region of a patient via ultrasound waves. The
ultrasonictransducer 4 provides a set of two-dimensional
ultrasonic images of the body region. The images pro-
vided by the ultrasonic transducer 4 are converted by the
system 1 to a three-dimensional image 5 of that body
region. In that three-dimensional image 5 of a body region
of the patient body an image of an applicator 6 may be
shown.

[0073] The device 2 comprises an input interface 21
and a processing unit 22.

[0074] The output interface 21 is configured to receive
the three-dimensional image 5 of a body region of a pa-
tient body. The three-dimensional image 5 may comprise
an image of an applicator 6. The three-dimensional im-
age may also be referred to a three-dimensional volume
or a three-dimensional slice.

[0075] The processing unit 22 is configured to run a
computer program element 3. The computer program el-
ement 3 may be configured to carry out the steps 104 to
107 of the method 100 described above.

[0076] Referring to figure 2, in an example, the
processing unit 22 is configured to randomly determine
an initial direction 11 within the three-dimensional image
5.

[0077] In another example, the processing unit 22 re-
ceives a signal representing the initial direction 11 via
the input interface 21. Thus, a user may input a desired
initial direction 11 via the input interface 21.

[0078] Inafurtherexample, the processing unit 22 may
access a predefined direction as the initial direction 11.
The predefined direction may e.g. be stored in the
processing unit 22 or at another location.

[0079] In a certain example, the processing unit 22 is
configured to determine one of the predetermined Car-
tesian directions of the three-dimensional image as the
initial direction 11.

[0080] Furthermore, the processing unit 22 is config-
ured to determine a set-direction 12 within the three-di-
mensional image 5 based on the initial direction 11 for
the first sequence or based on the probability map 8 de-
termined during the previous sequence.

[0081] In an example, the above step may comprise
the sub-steps of: Identifying the set-direction of the three-
dimensional image through a statistical analysis on the
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probability map which fetches a compact representation
of the applicator.

[0082] In an exemplary embodiment of the processing
unit 22, the processing unit 22 comprises the sub-steps
of determining the set-direction 12 which are performed
only, if the set-direction 12 is to be determined based on
the probability map 8 of at least one previous sequence.
[0083] First, the processing unit 22 determines the
standard deviation ¢ based on the probability map 8.
[0084] Then, the processing unit 22 determines the
set-direction 12 based on the standard deviation o. If the
standard deviation ¢ is high the set-direction 12 of the
current sequence will deviate from the set-direction 12
of the previous sequence by a high amount, i.e. the angle
between the set-direction 12 of the current sequence and
the set-direction 12 of the previous sequence will be high.
If the standard deviation o is very low, the set-direction
12 of the current sequence will not deviate much from
the set-direction 12 of the previous sequence, i.e. the
angle between the set-direction 12 of the current se-
quence and the set-direction 12 of the previous sequence
will be small.

[0085] As an effect, determining the set-direction 12
relates (except for the initial choice) to an iterative opti-
mization algorithm.

[0086] In another exemplary embodiment of the
processing unit 22, the processing unit 22 comprises al-
ternative sub-steps which are performed only if the set-
direction 12 is to be determined based on the probability
map 8 of the previous sequence.

[0087] First, the processing unit 22 determines a gra-
dient map 13 based on the probability map 8. This means
that the gradient values 14 between the probability
scores 9 of adjacent two-dimensional images 7 of the
three-dimensional image 5 are determined. The gradient
map 13 comprises the plurality of determined gradient
values 14 and maps them to the position of the corre-
sponding two-dimensional image 7 in the three-dimen-
sional image 5.

[0088] In the next step, the processing unit 22 deter-
mines the set-direction 12 based on the gradient map
13. This means, if the distribution of high gradient values
14 cover a high amount of the two-dimensional images
7,i.e.coveringan extended region along the set-direction
12, the set-direction 12 of the current sequence will de-
viate from the set-direction 12 of the previous sequence
by a high amount, i.e. the angle between the two set-
directions 12 of the current and previous sequence will
be high. If the distribution of the gradient values 14 be-
tween the two-dimensional images 7 is low or is distrib-
uted in a small region along the set-direction 12, the set-
direction 12 of the current sequence will not deviate much
from the set-direction 12 of the previous sequence, i.e.
the angle between the two set-directions 12 will be small.
[0089] Furthermore, the processing unit 22 extracts
and image set of two-dimensional images 7 from the
three-dimensionalimage 5, such that the two-dimension-
al images 7 of the image set are arranged coaxially and
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subsequently in the set-direction 12. In an example, the
extraction by the processing unit 22 is performed such
thatthe two-dimensionalimages 7 represent virtual slices
of the body region.

[0090] As an effect, the correspondence between the
images and the virtual slices is provided.

In an example, the processing unit 22 is configured to
extract the image-set of two-dimensional images 7 such
that the two-dimensional images 7 represent the three-
dimensional image 5 in total.

[0091] As an effect, the three-dimensional image 5 is
divided into the two-dimensional images 7 during the ex-
traction of the two-dimensional images 7 of each se-
quence. Thus, for each evaluation of the respective prob-
ability scores 9, always the whole three-dimensional im-
age 5 is indirectly considered via the two-dimensional
images 7.

[0092] Then, the processing unit 22 applies an appli-
cator pre-trained classification method to each of the two-
dimensional images 7 of the image set indicating a prob-
ability of the applicator 6 being depicted in the respective
two-dimensional image 7 of the image set in a cross-
sectional view.

[0093] In an example, the applicator pre-trained clas-
sification method is an applicator pre-trained deep learn-
ing classification method.

[0094] In a further example, the applicator pre-trained
classification method is an applicator pre-trained convo-
lutional neuronal network classification method.

[0095] In a certain example, the applicator pre-trained
classification method is pre-trained with a google net ar-
chitecture or with a hyper-parameter fine-tuning.

[0096] Further, the processing unit 22 determines a
probability map 8 representing probability scores 9 of the
two-dimensional images 7 of the image set with respect
to the set-direction 12. In an example, the processing
unit 22 applies a Gaussian fit to the probability scores 9
of the two-dimensional images 7 of the image-set for de-
termining the probability map 8.

[0097] As an effect, the probability will approximate a
Gaussian curve representing the probability scores 9
about the set-direction 12 or the number of two-dimen-
sional images 7, respectively.

[0098] In an example, the processing unit may repeat
the above sequence several times. At each sequence,
an improved set-direction 12 maybe determined, along
which a set of two-dimensional-images 7 are extracted
from (the same) three-dimensional-image 5. The proba-
bility associated with each image may provide the infor-
mation about a compactness of an indication of the ap-
plicator 6 within the respective two-dimensional-image
7. A probability maybe determined based on the proba-
bilities of the two-dimensional-image 7. At the next se-
quence, this probability map 8 may be considered, to
determine a new set-direction 12. Thus, an optimization
of the set-direction 12 maybe achieved. As an effect, the
images acquired along an optimized or best set-direction
12, respectively, may comprise at least one two-dimen-
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sional-image 7, which indicate a (very) compact repre-
sentation of the applicator 6. Thus, the at least one image
may illustrate a cross-sectional view of the full applicator
6.

[0099] In an exemplary embodiment, the processing
unit 22 is configured to finish the repetition of the se-
quence, i.e. the repetition of the sequence, if a high prob-
ability score 9 of probability scores 8 of the two-dimen-
sional images 7 of the currentimage set is higher than a
predefined value. Alternatively, the processing unit 22
finishes the repetition of the sequences if one two-dimen-
sional image 7 of the two-dimensional images 7 of the
current image set entirely depicts the actuator 6 in a
cross-sectional view. This means, that if a slice of the
three-dimensional image 5 comprises the longitudinal
axis 15 of the actuator 6 or is at least parallel to the lon-
gitudinal axis 15 of the actuator 6 and comprises a cross-
sectional view of the actuator 6 the sequence is finished.
Alternatively, if the angle between the longitudinal axis
15 and the slice of the three-dimensionalimage 5 is below
a certain threshold such that the probability score 9 of
one of the slices exceeds a predefined threshold value,
the sequence will be finished, too.

[0100] In an example, the predefined value may be
chosen or predefined, such that it can be assumed that
the two-dimensional image 7 corresponding to the re-
spective highest value atleast almost entirely depicts the
actuator 6 in a cross-sectional view.

[0101] In a further embodiment of the processing unit
22, the processing unit 22 determines a standard devia-
tion o based on the probability map 8 of the current se-
quence. This means, that the maximum value of the prob-
ability scores 9 of a probability map 8 of the current se-
quence is determined. Then, the standard deviation ¢ of
the plurality of probability scores 9 from that maximum
value is determined.

[0102] Then,the processing unit22 stops the repetition
of the sequences if determined standard deviation c rep-
resents a minimum standard deviation ¢ about all deter-
mined standard deviation . The determined standard
deviation o of the current sequence is therefore com-
pared to the determined standard deviation o of the pre-
vious sequences. If one of the previous sequences com-
prises the minimum standard deviation ¢ about all se-
quences, i.e. if the standard deviation ¢ of the current
sequence is higher than one of the previous sequences,
the repetition of the sequence is stopped.

[0103] As an effect, the value of the standard deviation
o may provide the basis for a stopping criteria of the rep-
etition of the sequence.

[0104] Afterfinishing the last sequence, the processing
unit 22 determines the two-dimensional image 7 associ-
ated with the highest probability score 9 as the final two-
dimensional image. The final two-dimensional image
may be formed by the two-dimensional image 7 associ-
ated with the highest probability score 9.

[0105] In an example, the final two-dimensional imag-
es is formed by the two-dimensional image 7 associated
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with the highest probability score 9 from the image set
determined during the last sequence.

[0106] In an example, the probability may represent a
Gaussian probability map, wherein the standard devia-
tion o decreases from sequence to sequence. Thus, the
probability map 8 determined during the last sequence
may comprise the two-dimensional-image 7 for which the
highest probability score 9 is determined.

[0107] Inan example, determining the set-direction 12
based on the probability may relate to an application of
aniterative optimization algorithm, in particular a gradient
descent algorithm.

[0108] Fig. 2 further exemplary shows sequences a),
b) and c) of the starting and repeated sequence. Se-
quence a) is the starting sequence. The initial direction
11 being determined by the processing unit 22 is used
to determine the set-direction 12.

[0109] Then, the three-dimensional image 5 of the
body region of the patient, wherein the three-dimensional
image 5 comprises an image of the applicator 6, is virtu-
ally sliced. The slicing is performed along the set-direc-
tion 12 and results in a set of two-dimensional images 7.
The slicing planes are parallel and maybe equidistant.
[0110] Insequence a), all determined two-dimensional
images 7 comprise a small cross section of the image of
the applicator 6. Therefore, the applicator pre-trained
classification method provides a low probability score 9
to each of the two-dimensional images 7. This is shown
in the probability map 9 of sequence a).

[0111] In sequence b) the set-direction 12 is chosen
such that the angle between the set-directions 12 of se-
quences a) andb) is big. The set-direction 12 of sequence
b) points into the plane of Fig. 2.

[0112] The two-dimensional images 7 acquired in se-
quence b) do not all comprise an image of the cross sec-
tion of the applicator 6. The applicator pre-trained clas-
sification method therefore assigns a low probability
score 9 to those two-dimensional images 7 which do not
comprise any cross-sectional view of the applicator 6.
Those two-dimensional images 7 of sequence b) com-
prising a portion of the cross-sectional view of the appli-
cator 6 get a higher probability score 9 than the two-
dimensional images 7 of sequence a).

[0113] The resulting probability map 8 of sequence b)
shows a tighter distribution of the probability scores 9
than in the probability map 8 of sequence a).

[0114] Sequence c) shows a later sequence, i.e. be-
tween sequence b) and sequence c) a plurality of repeat-
ed sequences may have been performed. The set-direc-
tion 12 of sequence c) has been determined by the proc-
ess steps. In sequence c) only a single two-dimensional
image 7’ comprises a cross-sectional view of the appli-
cator 6. The rest of the two-dimensional images 7 does
not comprise any portion of the image of the applicator 6.
[0115] Therefore, the probability map 8 of sequence
c) shows a peak of the probability scores 9 at the position
of the single two-dimensional image 7°. The probability
score 9 atthe peak is very high. The rest of the probability
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scores is low since the corresponding two-dimensional
images 7 do not comprise any portion of the image of the
applicator 6.

[0116] The single two-dimensional image 7’ may be
chosen to form the finial two-dimensional image being
presented to the user.

[0117] Inanexample, the system 1 is configured such
that a two-dimensional image 7 is taken over from one
of the plurality of the two-dimensional ultrasonic images,
if the overtaken two-dimensional ultrasonic imagefits into
the respective image-set.

[0118] As an effect, interpolation artefacts may be pre-
vented or reduced.

[0119] Moreover, although in the previous description
the word "device" has been used, whenever the word
"device" is mentioned it is understood that this might in-
deed refer to a full device but also to just a fraction of a
device.

[0120] Itis understood that, without repeating here all
the examples and explanations provided with reference
to the method of the invention, the apparatus and system
of the invention are intended as being arranged to carry
out the above described method steps. Thus, all the
above examples and explanations, although provided
with reference to the method, are also to be intended as
being implemented by the apparatus and/or the system.
This can be achieved, for example, by means of suitable
hardware and/or software.

[0121] Itis understood that, without repeating here all
the explanations, examples, features and/or advantages
provided with reference to the device, the method of the
invention is intended to be configured to carry out the
method steps for which the device is configured to. Thus,
all the above examples, explanations, features and/or
advantages, although provided with reference to the de-
vice, are also to be intended as being provided in an
analogous manner for the method.

[0122] According to a further example of the present
invention, a computer program element 3 is provided,
which, when being executed by a processing unit is
adapted to carry out the method 100 described above.
[0123] According to further example of the present in-
vention, a computer readable medium 10 being shown
in Fig. 6, the computer readable medium having stored
thereon a program element 3 is provided, which, when
being executed by a processing unit is adapted to carry
out the method 100 described above.

[0124] The computer program element 3 might be
stored on a computer unit, which might also be part of
an embodiment of the present invention. This computing
unit may be adapted to perform or induce a performing
of the steps of the method described above. Moreover,
it may be adapted to operate the components of the
above described apparatus. The computing unit can be
adapted to operate automatically and/or to execute the
orders of a user. A computer program may be loaded
into a working memory of a data processor. The data
processor may thus be equipped to carry out the method
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of the invention.

[0125] It should be noted that embodiments of the in-
vention are described with reference to different subject
matters. In particular, some embodiments are described
with reference to an insert whereas other embodiments
are described with reference to the apparatus. However,
a person skilled in the art will gather from the above that,
unless otherwise notified, in addition to any combination
of features belonging to one subject matter also any com-
bination between features relating to different subject
matters is considered to be disclosed with this applica-
tion. However, all features can be combined providing
synergetic effects that are more than the simple summa-
tion of the features.

[0126] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchiillustration 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 a
claimed invention, from a study of the drawings, the dis-
closure, and the dependent claims.

[0127] 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 processor
or other unit may fulfil the functions of several items re-
cited in the claims. The mere fact that certain measures
are re-cited in mutually different dependent claims does
notindicate thata combination of these measures cannot
be used to advantage. Any reference signs in the claims
should not be construed as limiting the scope.

Claims

1. A device for determining at least one final two-di-
mensional image, wherein the device (2) comprises:

- an input interface (21);
- a processing unit (22);

wherein the input interface (21) is configured to re-
ceive a three-dimensional image (5) of a body region
of a patient body, wherein an applicator (6) config-
ured for fixating at least one radiation source is in-
serted into the body region;

wherein the processing unit (22) is configured to ran-
domly determine an initial direction (11) within the
three-dimensional image (5), to receive a signal rep-
resenting the initial direction (11) via the input inter-
face (11) or to access a predefined direction as the
initial direction (11);

wherein the processing unit (22) is configured to re-
peat the following sequence of steps s1) to s4):

s1) to determine a set-direction (12) within the
three-dimensional image (5) based on the initial
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direction (11) for the first sequence or based on
a probability map determined during a previous
sequence;

s2) to extract an image-set of two-dimensional
images (7) from the three-dimensional image
(5), such that the two-dimensional images (7) of
the image-set are arranged coaxially and sub-
sequently in the set-direction (12);

s3) to apply an applicator pre-trained classifica-
tion method to each of the two-dimensional im-
ages (7) of the image-set resulting in a proba-
bility score (9) for each of the two-dimensional
images (7) of the image-set indicating a proba-
bility of the applicator (6) being depicted, in par-
ticular fully depicted, in the respective two-di-
mensional image (7) of the image-setin a cross-
sectional view; and

s4) to determine a probability-map (8) repre-
senting the probability scores (9) of the two-di-
mensional images (7) of the image-set with re-
spect to the set-direction (12);

wherein the processing unit (22) is configured to de-
termine, after finishing the last sequence, the two-
dimensional image (7’) associated with the highest
probability score, in particular from the image-set de-
termined during the last sequence, as the final two-
dimensional image.

Device according to the preceding claim, wherein
the finaltwo-dimensionalimage is formed by the two-
dimensional image (7) associated with the highest
probability score, in particular from the image-set de-
termined during the last sequence.

Device according to one of the preceding claims,
wherein the processing unit (22) is configured to per-
form step s2) such that the two-dimensional images
(7) of the image-set represent virtual slices of the
body region.

Device according to one of the preceding claims,
wherein the processing unit (22) is configured to ap-
ply a Gaussian fit to the probability scores of the two-
dimensional images (7) of the image-set for deter-
mining the probability map (8).

Device according to one of the preceding claims,
wherein the processing unit (22) is configured to per-
form step s4) with a sub-step:

s4.1) to finishing the repetition of the sequence,
if the highest probability score of the probability
scores (9) of the two-dimensional images (7) of
the currentimage-setis higher than a predefined
value, or

if one two-dimensional image (7’) of the of the
two-dimensional images (7) of the current im-
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age-set entirely depicts the actuator (6) in a
cross-sectional view.

Device according to one of the preceding claims,
wherein the processing unit (22) is configured to per-
form step s4) with sub-steps:

s4.2) to determine a standard deviation ¢ based
on the probability map (8) determined during the
current sequence; and

s4.3) to finish the repetition of the sequence, if
a standard deviation ¢ determined during the at
least one previous sequence represents a min-
imum standard deviation ¢ about all determined
standard deviation .

Device according to one of the preceding claims,
wherein the processing unit is configured to perform
step s1), if the set-direction (12) is to be determined
based on the probability map (8), with the following
sub-steps:

s1.1) to determine a standard deviation ¢ based
on the probability map (8); and

s1.2) to determine the set-direction (12) based
on the standard deviation c.

Device according to one of the preceding claims 1
to 6, wherein the processing unit (22) is configured
to perform step s1), if the set-direction (12) is to be
determined based on the probability map (8), with
the following sub-steps:

s1.1) to determine a gradient map (13) based
on the probability map (8); and

s1.2) to determine the set-direction (12) based
on the gradient map (13).

Device according to one of the preceding claims,
wherein the processing unit is configured to provide
the applicator pre-trained classification method as
an applicator pre-trained deep learning classification
method.

Device according to one of the preceding claims,
wherein the applicator pre-trained classification
method is an applicator pre-trained convolutional
neuronal network classification method.

An imaging system for determining at least one final
two-dimensional image of a body region of a patient
body, wherein an applicator (6) configured for fixat-
ing at least one radiation source is inserted into the
body region, wherein the system (2) comprises:

- an ultrasonic transducer (4); and
- a device (2) according to one of the preceding
claims;
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wherein the ultrasonic transducer (4) is configured
to acquire a plurality of two-dimensional ultrasonic
images of the body region; and

wherein the system (1) is configured to determine a
three-dimensional image (5) of the body region
based on the plurality of two-dimensional ultrasonic
images.

Imaging system according to the preceding claims,
wherein the processing is configured to perform step
s2), such that a two-dimensional image (7) is taken
over from one of the plurality of the two-dimensional
ultrasonic images, if the overtaken two-dimensional
ultrasonic image fits into the respective image-set.

A method (100) for determining atleast one final two-
dimensionalimage, the method comprises the steps:

a) providing (101) a three-dimensional image of
a body region of a patient body, wherein an ap-
plicator configured for fixating at least one radi-
ation source is inserted into the body region;
b) providing (102) an initial direction, in particular
by randomly determining the initial direction
within the three-dimensional image;

c) repeating (103) the following sequence of
steps s1) to s4):

s1) determining (104), via a processing unit,
a set-direction within the three-dimensional
image based on the initial direction for the
first sequence or based on a probability map
determined during a previous sequence;
s2) extracting (105), via the processing unit,
an image-set of two-dimensional images
from the three-dimensional image, such
that the two-dimensional images of the im-
age-set are arranged coaxially and subse-
quently in the set-direction;

s3) applying (106), via the processing unit,
an applicator pre-trained classification
method to each of the two-dimensional im-
ages of the image-set resulting in a proba-
bility score for each of the two-dimensional
images of the image-set indicating a prob-
ability of the applicator being depicted, in
particular fully depicted, in the respective
two-dimensional image of the image-set in
a cross-sectional view; and

s4) determining (107), via the processing
unit, a probability-map representing the
probability scores of the two-dimensional
images of the image-set with respect to the
set-direction;

wherein the method comprises the further step:

d) determining (108), via a processing unit and
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after finishing the last sequence, the two-dimen-
sional image associated with the highest prob-
ability score, in particular from the image-set de-
termined during the last sequence, as the final
two-dimensional image.

A computer program element (3) for controlling a de-
vice (2) according to one of the claims 1 to 12, which,
when being executed by a processing unit (22), is
adapted to perform the method steps of claim 13.

A computer readable medium (10) having stored the
program element (3) of claim 14.
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