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Description
FIELD OF THE INVENTION

[0001] The present invention relates to a system for
tracking the position of an ultrasonic probe in a body part,
and to a method for tracking the position of an ultrasonic
probe in a body part, as well as to a computer program
element and a computer readable medium.

BACKGROUND OF THE INVENTION

[0002] Combined transoesophageal echo (TEE) and
X-ray systems support interventional procedures. TEE
utilizes an ultrasonic probe that is passed into a patient’s
oesophagus, and provides clear images because there
is less signal attenuation with respect to transthoracial
ultrasound imagery. This is particularly relevant for ultra-
sound imagery of the heart, because the heart is posi-
tioned close to the oesophagus. Currently in a combined
TEE/X-ray system, the TEE probe is localized in the X-
ray, with the TEE probe position and orientation deter-
mined from X-ray images. However the TEE probe can-
not be tracked without the continuous acquisition of X-
ray images or the use of additional tracking devices.

[0003] R.J.Housden etal., Ultrasound in Med. & Biol.,
Vol. 39, No. 6, pp. 993-1005, 2013, describe extended-
field-of-view three-dimensional transesophageal
echocardiography using image-based X-ray probe track-

ing.
SUMMARY OF THE INVENTION

[0004] It would be advantageous to have an improved
technique for tracking the position of an ultrasonic probe
in a body part.

[0005] The object of the present invention is solved
with the subject matter of the independent claims, where-
in further embodiments are incorporated in the depend-
entclaims. It should be noted that the following described
aspects of the invention apply also for the system for
tracking the position of an ultrasonic probe in a body part,
the workstation for tracking the position of an ultrasonic
probe in a body part, the method for tracking the position
of an ultrasonic probe in a body part, and for the computer
program element and the computer readable medium.
[0006] According to a first aspect, there is provided a
system for tracking the position of an ultrasonic probe in
a body part, comprising:

- an ultrasonic probe;
- an X-ray image acquisition unit; and
- aprocessing unit;

[0007] The X-ray image acquisition unit is configured
to acquire an X-ray image of a portion of a body part
within which the ultrasonic probe is positioned. The
processing unit is configured to determine first geomet-
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rical positional information of the ultrasonic probe in the
portion of the body part, comprising utilizing the X-ray
image. The ultrasonic probe is configured to acquire at
least one ultrasonic image comprising a part of a body
feature, the at least one ultrasonic image comprising an
ultrasonic image to be acquired at a later time than atime
of acquisition of the X-ray image of the portion of the body
part. The processing unit is also configured to determine
second geometrical positional information of the ultra-
sonic probe in the body part at the later time, comprising
utilizing the first geometrical positional information and
the at least one ultrasonic image comprising the part of
the body feature. Optionally, the system comprises an
output unit that is configured to output data representa-
tive of the second geometrical positional information of
the ultrasonic probe. In other words, the system does not
have to output data because tracking can be effectively
done by the processing unit itself based on the first and
second geometrical positional information.

[0008] In other words, the position (location and orien-
tation) of an ultrasonic probe in a body part can be de-
termined from an X-ray image, and the relative position
between the ultrasonic probe and a part of a body feature
such as the heart can be determined from the X-ray im-
age and/or an ultrasonic image. On the basis of a later
ultrasonic image, the relative position between the ultra-
sonic probe and the part of the body feature can be de-
termined, from which the new position (location and ori-
entation) of the ultrasonic probe can be determined.
[0009] To put it another way, the system can track an
ultrasound probe, for example a transoesophageal echo
(TEE) ultrasonic probe, inacombined TEE/X-ray system.
To put it another way, an ultrasound probe is tracked in
an indirect manner, through ultrasound images them-
selves.

[0010] In this manner, an X-ray image can be used to
determine the position of an ultrasonic probe in a body
part, and determine the location and/or orientation of the
probe with respect to the body part and features or parts
of features within the body part, such as for example the
heart. Then, an ultrasonic image acquired by the ultra-
sonic probe at a later time can be used to determine the
relative position of the ultrasonic probe with respect to
the body part and features or parts of features within the
body part, such as the heart. Knowledge of the positional
information as determined by the X-ray image, such as
location and orientation, and the relative positional infor-
mation as determined by the ultrasonic image acquired
at the later time can be used to determine positional in-
formation, such as location and orientation of the ultra-
sonic probe, at the later time. In other words, by using at
least one ultrasound image to track the position of the
ultrasound probe rather than using X-ray images, the X-
ray dosage is reduced and external tracking systems are
not required. To put it another way, when the X-ray image
acquisition unitis turned off, an indirect way using at least
one ultrasound image acquired by an ultrasound probe
and the last acquired X-ray image the position of the ul-
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trasound probe can be tracked.

[0011] Inanexample, the at least one ultrasonicimage
comprising the part of the body feature comprises atleast
two ultrasonic images comprising the part of the body
feature, wherein the ultrasonic probe is configured to ac-
quire an ultrasonic image at substantially the same time
as the time of acquisition of the X-ray image of the portion
ofthe body part. In other words, the processing unit, com-
prising utilizing the first geometrical positional informa-
tion and the ultrasonic image comprising the part of the
body feature acquired at substantially the same time as
the acquisition of the X-ray image and the ultrasonic im-
age of the part of the body feature acquired at the later
time than the time of acquisition of the X-ray image, is
configured to determine the second geometrical position-
al information of the ultrasonic probe in the body part at
the later time.

[0012] In this manner, an X-ray image can be used to
determine the position of an ultrasonic probe in a body
part. An ultrasonic image of a body feature or part of a
body feature acquired at substantially the same time pro-
vides information on the relative position between the
ultrasonic probe and the part of body feature acquired
from a known location. Then a subsequent ultrasonic im-
age of the body feature, or part of the body feature, pro-
vides information on the relative position between the
ultrasonic probe and the body feature acquired from a
different position, such as a different location and/or ori-
entation. Changes in the ultrasonic image of the body
feature between the two ultrasonic images can be used
to determine a change in position of the ultrasonic probe
in terms of a change in location and/or orientation. By
referencing back to the original known location and/or
orientation, as determined by the X-ray image, a new
location and/or orientation of the ultrasonic probe can be
determined.

[0013] In other words, shifting and/or rotating the ultra-
sonic probe also shifts and/or rotates the position of the
part of the body feature, such as the heart, in presently
acquired ultrasonic image with respect to a previously
acquired ultrasonic image. This enables the current
probe location and/or orientation (or rotational position)
to be estimated. In an example, movements of the part
of the body feature, such as the heart, can be ignored in
afirst approximation, or are eliminated or reduced. In this
way, the estimated ultrasonic probe location and/or ori-
entation gives a radiation free approximation of the ultra-
sonic probe’s real position.

[0014] In other words, by determining a location and
orientation of the ultrasonic probe, from an X-ray image,
whilst at the same time acquiring an ultrasonic image
with the ultrasonic probe, enables global and anatomical
contextual and spatial information to be determined.
[0015] Inthis manner, the ultrasonic probe can be con-
tinuously tracked without the need for continuous X-ray
dose exposure or the need to use additional tracking de-
vices.

[0016] In an example, the X-ray image acquisition unit
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is configured to acquire a second X-ray image of the por-
tion of the body part within which the ultrasonic probe is
positioned if the processing unit determines that a thresh-
old value has been exceeded as a function of the first
geometrical positional information and the second geo-
metrical positional information.

[0017] In other words, if the location in terms of x, vy,
and y coordinates, and/or the angular rotation (or orien-
tation) of the ultrasonic probe has changed by more than
a threshold level since that determined by a previous X-
ray image, a new X-ray image is acquired in order to
provide an accurate determination of the location and/or
orientation of the ultrasonic probe.

[0018] To putit another way, the location and/or orien-
tation of the ultrasonic probe determined on the basis of
the ultrasonic imagery itself can be augmented by an X-
ray image, when a threshold in movement has been
reached. The threshold could indicate that the estimated
location and/or orientation of the ultrasonic probe may
be susceptible to errors, and the acquisition of an X-ray
image then serves to provide the precise location and/or
orientation of the ultrasonic probe. The location and/or
orientation of the ultrasonic probe can then be tracked
using the at least one ultrasonic image and this means
that the number of X-ray images acquired can be mini-
mized, reducing the X-ray dose and without additional
tracking equipment being used, whilst the ultrasonic
probe’s location and/or orientation can be tracked.
[0019] Inanexample, the processing unitis configured
to determine at least one position of the ultrasonic probe
relative to at least one position of the part of the body
feature by utilizing the at least one ultrasonic image, and
wherein the processing unit being configured to deter-
mine the second geometrical positional information of
the ultrasonic probe comprises utilizing the at least one
position of the ultrasonic probe relative to the atleast one
position of the part of the body feature.

[0020] Inanexample, the processing unitis configured
to determine segmented data of the part of the body fea-
ture using model based segmentation by utilizing the at
least one ultrasonicimage comprising the partof the body
feature, and wherein the processing unit being config-
ured to determine the second geometrical positional in-
formation of the ultrasonic probe comprises utilizing the
segmented data of the part of the body feature.

[0021] To putit another way, the part of the body fea-
ture as determined from an ultrasonic image can be lo-
cated within the patient’s body where use is made of an
X-ray image of the body.

[0022] Inanexample, the processing unitis configured
to determine a position of the part of the body feature as
areference position by utilizing the at least one ultrasonic
image comprising the partofthe body feature, and where-
in the processing unit being configured to determine the
second geometrical positional information of the ultra-
sonic probe comprises utilizing the reference position of
the part of the body feature.

[0023] In this manner, relative movement between the
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ultrasonic probe and the part of the body feature that is
not due to movement of the ultrasonic probe can be ac-
counted for, and this enables the location and/or orien-
tation of the ultrasonic probe due to movement of the
ultrasonic probe to be determined.

[0024] In an example, the processing unit being con-
figured to determine the first geometrical positional infor-
mation of the ultrasonic probe in the portion of the body
part comprises utilization of a three dimensional model
of the ultrasonic probe.

[0025] Inanexample, the processing unitis configured
to compare a projection of the three dimensional model
of the ultrasonic probe with the X-ray image.

[0026] Inanexample, the processing unitis configured
to iteratively determine a similarity between the three di-
mensional model and the X-ray image utilizing an image
comparison metric.

[0027] Inanexample, the processing unitis configured
to optimize a position and/or orientation of the three di-
mensional model by maximizing the image comparison
metric.

[0028] In an example, wherein the processing unit is
configured to compare the three dimensional model with
the X-ray image comprising adjustment of at least one
translational degree of freedom of the three dimensional
model and/or adjustment of at least one rotational degree
of freedom of the three dimensional model.

[0029] In a second aspect, there is provided a work-
station for tracking the position of an ultrasonic probe in
a body part, comprising:

- atleast one input unit; and
- aprocessing unit.

[0030] The at least one input unit is configured to pro-
vide an X-ray image of a portion of a body part within
which an ultrasonic probe was positioned. The process-
ing unit is configured to determine first geometrical posi-
tional information of the ultrasonic probe in the portion of
the body part, comprising utilizing the X-ray image. The
at least one input unit is also configured to provide at
least one ultrasonic image comprising a part of a body
feature, wherein the at least one ultrasonic image was
acquired by the ultrasonic probe and wherein an ultra-
sonic image was acquired at a later time than a time of
acquisition of the X-ray image of the portion of the body
part. The processing unit is also configured to determine
second geometrical positional information of the ultra-
sonic probe in the body part at the later time, comprising
utilizing the first geometrical positional information and
the at least one ultrasonic image comprising the part of
the body feature. Optionally, the workstation comprises
an output unit that is configured to output data represent-
ative of the second geometrical positional information of
the ultrasonic probe.

[0031] In other words, the workstation can track the
position of an ultrasonic probe on the basis of pre-ac-
quired imagery. In this manner, the position of an ultra-
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sonic probe in a body part can be checked or validated
to ensure that it was correctly positioned at a particular
point in time. Furthermore, the workstation can be used
for training purposes.

[0032] In a third aspect, there is provided a method for
tracking the position of an ultrasonic probe in a body part,
comprising:

a) acquiring an X-ray image of a portion of a body
part within which an ultrasonic probe is positioned;
b) determining first geometrical positional informa-
tion of the ultrasonic probe in the portion of the body
part, comprising utilizing the X-ray image;
¢) acquiring at least one ultrasonic image comprising
a part of a body feature with the ultrasonic probe,
comprising acquiring an ultrasonic image at a later
time than atime of acquisition ofthe X-ray image; and
g) determining second geometrical positional infor-
mation of the ultrasonic probe in the body part at the
later time, comprising utilizing the first geometrical
positional information and the at least one ultrasonic
image comprising the part of the body feature.
[0033] In an example, the method comprises:
i) outputting of data representative of the second ge-
ometrical positional information of the ultrasonic
probe.

[0034] In an example, step c) comprises acquiring at
least two ultrasonic images comprising the part of the
body feature with the ultrasonic probe, and step c) further
comprises acquiring an ultrasonic image at substantially
the same time as the time of acquisition of the X-ray im-
age of the portion of the body part.

[0035] In an example, step c) comprises acquiring at
least two ultrasonic images comprising the part of the
body feature with the ultrasonic probe, and step c) further
comprises acquiring an ultrasonic image at substantially
the same position as a position of the ultrasonic probe
when the X-ray image of the portion of the body part was
acquired.

[0036] In other words, the easiest way to acquire an
ultrasound image at the same position as a position of
the ultrasound probe when the X-ray image was acquired
is to acquire the ultrasound image at the same time as
acquiring the X-ray image, but this is not the only way of
doing this.

[0037] In an example, the method comprises:

h) acquiring a second X-ray image of the portion of the
body part within which the ultrasonic probe is positioned
if a threshold has been exceeded as a function of the first
geometrical positional information and the second geo-
metrical positional information.

[0038] In an example, the method comprises:

d) determining at least one position of the ultrasonic
probe relative to at least one position of the part of the
body feature, utilizing the at least one ultrasonic image;



7 EP 3 349 660 B1 8

and

wherein step g) comprises utilizing the at least one po-
sition of the ultrasonic probe relative to the at least one
position of the part of the body feature.

[0039] In an example, the method comprises:

e) determining segmented data of the part of the body
feature using model based segmentation, utilizing the at
least one ultrasonicimage comprising the part of the body
feature; and

wherein step g) comprises utilizing the segmented data
of the part of the body feature.

[0040] In an example, the method comprises:

f) determining a position of the part of the body feature
as areference position, utilizing the atleastone ultrasonic
image comprising the part of the body feature; and
wherein step g) comprises utilizing the reference position
of the part of the body feature.

[0041] In an example, phase alignment can be con-
ducted to account for motion of the heart. This means
that phases are aligned between ultrasound images, in
that the heart phase for a subsequent ultrasound image
should be the same as that for an earlier ultrasound im-
age.

[0042] According to another aspect, there is provided
a computer program element controlling apparatus (i.e.,
the system and workstation) as previously described
which, in the computer program element is executed by
processing unit, is adapted to perform the method steps
as previously described.

[0043] According to another aspect, there is provided
a computer readable medium having stored computer
element as previously described.

[0044] Advantageously, the benefits provided by any
of the above aspects and examples equally apply to all
of the other aspects and examples and vice versa.
[0045] The above aspects and examples will become
apparent from and be elucidated with reference to the
embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0046] Exemplary embodiments will be described in
the following with reference to the following drawings:

Fig. 1 shows a schematic set up of an example of a
system for tracking the position of an ultrasonic
probe in a body part;

Fig. 2 shows a schematic set up of another example
of a system for tracking the position of an ultrasonic
probe in a body part;

Fig. 3 shows an example of a method for tracking
the position of an ultrasonic probe in a body part;
Fig. 4 shows an example of a workflow for tracking
the position of an ultrasonic probe in a body part;
Fig. 5 shows on the left a schematic representation
of ultrasonic probe positions relative to a model of a
heart, and on the right a schematic representation
of segmented ultrasonic image data of the heart su-
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perimposed onto an X-ray image where the ultrason-
ic probe positions are shown;

Fig. 6 shows the same information as that shown in
Fog. 5, where schematic representations are re-
placed by image data.

DETAILED DESCRIPTION OF EMBODIMENTS

[0047] Fig. 1 shows an example of a system 10 for
tracking the position of an ultrasonic probe in a body part.
The system 10 comprises an ultrasonic probe 20, an X-
ray image acquisition unit 30, a processing unit 40, and
optionally comprises an output unit 50. The X-ray image
acquisition unit 30 is configured to acquire an X-ray image
of a portion of a body part within which the ultrasonic
probe 20 is positioned, which is provided to the process-
ing unit 40. The processing unit 40 is configured to de-
termine first geometrical positional information of the ul-
trasonic probe in the portion of the body part, comprising
utilizing the X-ray image. The ultrasonic probe 20 is con-
figured to acquire at least one ultrasonic image compris-
ing a part of a body feature, the at least one ultrasonic
image comprising an ultrasonic image to be acquired at
a later time than a time of acquisition of the X-ray image
of the portion of the body part. The processing unit 40 is
also configured to determine second geometrical posi-
tional information of the ultrasonic probe in the body part
at the later time, comprising utilizing the first geometrical
positional information and the at least one ultrasonic im-
age comprising the part of the body feature. The output
unit is configured to output data representative of the
second geometrical positional information of the ultra-
sonic probe.

[0048] In an example, the ultrasonic probe is a tran-
soesophageal echo (TEE) ultrasonic probe. In an exam-
ple, the ultrasonic probe comprises a transducer encap-
sulated in a rigid head. In an example, the "ultrasonic
probe" means the rigid encapsulated head.

[0049] In an example, the X-ray image acquisition unit
comprises a C-arm CT system. In an example, the image
acquisition unit comprises an interventional X-ray sys-
tem.

[0050] In an example, the X-ray image of the portion
of the body part comprises fluorescence image data. In
an example, the image acquisition unit comprises fluor-
oscopic X-ray equipment. Inan example, the X-rayimage
of the portion of the body part was acquired during fluor-
oscopic low-dose X-ray surveillance. In an example,
fluoroscopic low-dose X-ray surveillance is used to de-
termine the first geometrical positional information of the
ultrasonic probe in the portion of the body part.

[0051] Inanexample, the X-ray image of the body part
comprises the part of the body feature.

[0052] In an example, the first geometrical positional
information of the ultrasonic probe in the portion of the
body part comprises a location of the ultrasonic probe.
In an example, the location comprises x, y, and z coor-
dinates of the ultrasonic probe, or a part of the ultrasonic
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probe. In an example, the X, y, and z coordinates of the
ultrasonic probe, or part of the ultrasonic probe, relate to
a reference point, such as a part or point of a medical
table or a part or point of the X-ray image acquisition unit.
In an example, the first geometrical positional information
of the ultrasonic probe in the body part comprises an
orientation of the ultrasonic probe, or a part of the ultra-
sonic probe. In an example, the orientation comprises an
angular position of the ultrasonic probe or a part of the
ultrasonic probe about its longitudinal axis, for example
the angular position of an axis, extending from the lon-
gitudinal axis through the center of an output window,
about the longitudinal axis with respect to a vertical di-
rection or axis. In an example, the orientation comprises
the three rotation angles (Euler angles or roll-pitch-yaw
angles) to align the ultrasonic probe coordinate system
with the X-ray image acquisition unit or coordinate sys-
tem of the medical table.

[0053] Inanexample, determining first geometrical po-
sitional information of the ultrasonic probe in the portion
of the body part comprises 2D-3D registration of the X-
ray image. In an example, 2D-3D registration comprises
determining a 3D model of the ultrasonic probe. In an
example, 2D-3D registration comprises registering the
3D model of the ultrasonic probe to the X-ray image using
a 2D-3Dimage registration algorithm. In an example, 2D-
3D registration comprises positioning the 3D model of
the ultrasonic probe within the coordinate system of the
X-ray unit or medical table, and comparing a modeled
projection of the 3D ultrasonic probe with the X-ray image
that details the actual projection of the ultrasonic probe
within the coordinate system of the X-ray unit or medical
table. Inan example, the 3D model of the ultrasonic probe
is repeatedly repositioned unit the modeled X-ray projec-
tion of the ultrasonic probe matches the actual acquired
projection of the ultrasonic probe. In this manner, the
location and orientation of the ultrasonic probe can be
determined both with respect to the coordinate system
of the X-ray unit or medical table and determined with
respect to the body part. In this manner, because the
ultrasonic probe has a known field of view from the loca-
tion and orientation of the ultrasonic probe determined
from the X-ray image, the field of view of the ultrasonic
probe with respect to the body part can be determined.
In other words, the region of the body that the ultrasonic
probe is looking at can be determined. To put it another
way, the volume of body space that the ultrasonic probe
is interrogating can be located in the X-ray image.
[0054] In an example, the region of the body part is a
region of the portion of the body part.

[0055] Inanexample,the second geometrical position-
al information of the ultrasonic probe in the body part
relates to the ultrasonic probe being positioned within the
portion of the body part. In an example, the second ge-
ometrical positional information of the ultrasonic probe
in the body part comprises a location of the ultrasonic
probe. In an example, the location comprises x, y, and z
coordinates of the ultrasonic probe, or a part of the ultra-
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sonic probe. In an example, the x, y, and z coordinates
of the ultrasonic probe relate to a reference point, such
as a part or point of a medical table or a part or point of
the X-ray image acquisition unit. In an example, the sec-
ond geometrical positional information of the ultrasonic
probe in the body part comprises an orientation of the
ultrasonic probe. In an example, the orientation compris-
es an angular position of a part of the ultrasonic probe
about its longitudinal axis, for example the angular posi-
tion of an output window about the longitudinal axis with
respect to a vertical direction. In an example, the second
geometrical positional information of the ultrasonic probe
relates to the ultrasonic probe being at a different location
to the location of the ultrasonic probe with respect to the
first geometrical positional information. In an example,
the second geometrical positional information for the ul-
trasonic probe relates to the ultrasonic probe being at a
different orientation to the orientation of the ultrasonic
probe with respect to the first geometrical positional in-
formation. In an example, the second geometrical posi-
tional information for the ultrasonic probe relates to the
ultrasonic probe being atthe same location to the location
of the ultrasonic probe with respect to the first geometrical
positional information, but having a different orientation
to the orientation of the ultrasonic probe with respect to
the first geometrical positional information. In an exam-
ple, the second geometrical positional information for the
ultrasonic probe relates to the ultrasonic probe being at
different location to the location of the ultrasonic probe
with respect to the first geometrical positional informa-
tion, but having the same orientation to the orientation of
the ultrasonic probe with respect to the first geometrical
positional information. In an example, the second geo-
metrical positional information for the ultrasonic probe
relates to the ultrasonic probe being at a different location
to the location of the ultrasonic probe with respect to the
first geometrical positional information, and having a dif-
ferent orientation to the orientation of the ultrasonic probe
with respect to the first geometrical positional informa-
tion.

[0056] In an example, the part of the body feature is
detected in the at least one ultrasonic image. In an ex-
ample, the position of the part of the body feature is de-
termined within the field of view of the ultrasonic probe.
In an example, the position of the part of the body feature
is determined within the volume of space that the ultra-
sonic probe interrogating or is configured to interrogate
within the body part. In an example, the part of the body
feature is detected in the X-ray image. In an example,
the position of the part of the body feature within the body
is determined from the X-ray image. In other words, the
position of the part of the body feature within the volume
of body space that an ultrasonic probe is looking at can
be determined from an ultrasonic image acquired by the
ultrasonic probe and/or can be determined from an X-ray
image.

[0057] In an example, the part of the body feature is
the heart of a patient. In other words the part of the body
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features includes all of the body feature, which can be
for example the heart. In an example, the body feature
is the spine of a patient. In an example, the body feature
can be any other part or organ of a patient than can be
identified on the basis of acquired imagery.

[0058] In an example, the output unit is configured to
output data representative of the X-ray image. In an ex-
ample, the output unit is configured to output data rep-
resentative of the at least one ultrasonic image. In an
example, the output unit is configured to save data relat-
ing to any one of the X-ray image, the first geometrical
positional information, the at least one ultrasound image,
and the second geometrical positional information. In an
example, the output unit is configured to display image
data, for example displaying images on one or more mon-
itors such as one or more visual display units VDUs. In
an example, the output unit is configured to display the
at least one ultrasonic image of the body feature. In an
example, the output unit is configured to display an ul-
trasonic image of the body feature. In an example, the
output unitis configured to display the X-ray image of the
portion of the body part. In an example, the output unit
is configured to display the X-ray image of the portion of
the body part and the second geometrical positional in-
formation of the ultrasonic probe. In other words, the
present location and/or orientation of the ultrasonic can
be presented in an acquired X-ray image. To put it an-
other way, in an example the current location and/or ori-
entation of the ultrasonic probe can be shown as an over-
lay in the X-ray image of a portion of a body part. In other
words, augmented visualization of the current probe po-
sition, determined from at least one ultrasonicimage, can
be provided on a static X-ray image acquired atan earlier
point in time.

[0059] Accordingto an example, the at least one ultra-
sonic image comprising the part of the body feature com-
prises at least two ultrasonic images comprising the part
of the body feature. The ultrasonic probe is then config-
ured to acquire an ultrasonic image at substantially the
same time as the time of acquisition of the X-ray image
of the portion of the body part.

[0060] According to an example, the X-ray image ac-
quisition unit is configured to acquire a second X-ray im-
age of the portion of the body part within which the ultra-
sonic probe is positioned. This is done if the processing
unit determines that a threshold value has been exceed-
ed as a function of the first geometrical positional infor-
mation and the second geometrical positional informa-
tion.

[0061] In an example, the processing unit determines
if the threshold has been exceeded if the processing unit
determines that a difference between the first geometri-
cal positional information and the second geometrical po-
sitional information exceeds a threshold.

[0062] In an example, the X-ray image acquisition unit
being configured to acquire a second X-ray image com-
prises a doctor or clinician being informed that a threshold
has been exceeded, and the doctor or clinician can then
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trigger the acquisition of the second X-ray manually. In
this manner, additional safety measures are provided
with respect to X-ray dosage.

[0063] According to an example, the processing unit
is configured to determine at least one position of the
ultrasonic probe relative to at least one position of the
part of the body feature by utilizing the at least one ultra-
sonic image. The processing unit being configured to de-
termine the second geometrical positional information of
the ultrasonic probe then comprises the processing unit
utilizing the at least one position of the ultrasonic probe
relative to the at least one position of the part of the body
feature.

[0064] According to an example, the processing unit
is configured to determine segmented data of the part of
the body feature using model based segmentation by
utilizing the at least one ultrasonic image comprising the
part of the body feature. The processing unit being con-
figured to determine the second geometrical positional
information of the ultrasonic probe comprises the
processing unit utilizing the segmented data of the part
of the body feature.

[0065] Inan example, from a current ultrasonic image,
an estimate is made of the ultrasonic probe location and
orientation relative to the segmented part of the body
feature, for example the heart or part of the heart.
[0066] In an example, segmentation of the part of the
body feature, e.g. heart, provides the outlines of the part
of the body feature within the volume of space that the
ultrasonic probe is looking at. In this manner, from the
2D-3D registration of the ultrasonic probe from the X-ray
image which provided the position of the ultrasonic probe
and also provided mapping of the volume of space that
the ultrasonic probe is looking at to the body and to the
X-ray image, the outline of the part of the body feature
determined from the ultrasonic image can be drawn or
overlaid onto the X-ray image.

[0067] In an example, the part of the body feature, for
example the heart, is continuously segmented in the at
least one ultrasonic images acquired by the ultrasonic
probe. In an example, the segmentation adapts a mesh
model to the ultrasonic image of the part of the body
feature. In an example, the mesh structure does not
change. Inthis manner, because the mesh structure does
not change, corresponding points between different seg-
mentation results across different ultrasonic images are
known. In this way, shifting and/or rotation of the part of
the body feature between different ultrasonic images can
be determined from which the location and/or orientation
of the ultrasonic probe can be determined.

[0068] According to an example, the processing unit
is configured to determine a position of the part of the
body feature as a reference position by utilizing the at
least one ultrasonicimage comprising the part of the body
feature. The processing unit being configured to deter-
mine the second geometrical positional information of
the ultrasonic probe comprises the processing unit utiliz-
ing the reference position of the part of the body feature.
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[0069] In an example, determining the position of the
part of the body feature as a reference position comprises
eliminating movements of the part of the body feature.
In an example, the determined position of the part of the
body feature, e.g. heart, is used as a fixed reference.
[0070] Inanexample, the processing unitis configured
to register the at least one ultrasonic images with respect
to cardiac cycle, patient motion or patient breathing, or
any combination thereof. In other words, for example the
at least one ultrasonic images used to determine the lo-
cation and/or orientation of the ultrasonic probe can re-
late toimages acquired in the same or similar point within
a patient’s cardiac cycle, or at the same or similar point
within a patient’'s breathing cycle. In an example, the
processing unit is configured to register the at least one
ultrasonic images and the X-ray image with respect to
cardiac cycle, patient motion or patient breathing, or any
combination thereof. In other words, for example the at
least one ultrasonic images and the X-ray image used to
determine the location and/or orientation of the ultrasonic
probe canrelate toimages acquired in the same or similar
point within a patient’s cardiac cycle, or at the same or
similar point within a patient’s breathing cycle.

[0071] Inanexample, intrinsic heart motion can be ex-
cluded by analyzing a consistent heart phase, such as
end-systole. In an example, analyzing a consistent heart
phase comprises monitoring an electrocardiogram
(ECG) signal. In an example, a patient’s breathing cycle
can be detected with a respiration belt, as similarly used
for example in Magnetic Resonance (MR) imaging. In an
example, analyzing a consistent heart phase comprises
utilizing segmentation data, or in other words the intrinsic
heart motion can be excluded by analyzing the segmen-
tation result, for example when looking at the chamber
volumes.

[0072] Inthis manner, by accounting for relative move-
ment between the ultrasonic probe and the part of the
body feature thatis not due to movement of the ultrasonic
probe, the location and/or orientation of the ultrasonic
probe due to movement of the ultrasonic probe can be
determined.

[0073] In an example, the X-ray image of the portion
of the body part comprises X-ray image data of the part
of the body feature, and wherein the processing unit be-
ing configured to determine second geometrical position-
al information of the ultrasonic probe in the body part at
the later time comprises utilizing the X-ray image data of
the part of the body feature. In an example, the position
of the part of the body feature in the X-ray image is uti-
lized.

[0074] Fig. 2 shows an example of a system 60 for
tracking the position of an ultrasonic probe in a body part.
The system 60 comprises: at least one input unit 70, a
processing unit 80; and optionally an output unit 90. The
at least one input unit 70 is configured to provide an X-
ray image of a portion of a body part within which an
ultrasonic probe 20 was positioned to the processing unit
80. The processing unit 80 is configured to determine
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first geometrical positional information of the ultrasonic
probe in the portion of the body part, comprising utilizing
the X-ray image. The at least one input unit 70 is config-
ured to provide at least one ultrasonic image comprising
a part of a body feature, wherein the at least one ultra-
sonic image was acquired by the ultrasonic probe 20 and
wherein an ultrasonic image of the at least one ultrasonic
image was acquired at a later time than a time of acqui-
sition of the X-ray image of the portion of the body part.
The processing unit 80 is also configured to determine
second geometrical positional information of the ultra-
sonic probe in the body part at the later time, comprising
utilizing the first geometrical positional information and
the at least one ultrasonic image comprising the part of
the body feature. The output unit 90 is configured to out-
put data representative of the second geometrical posi-
tional information of the ultrasonic probe.

[0075] In an example, the at least one input unit com-
prises a data storage or transfer unit configured to provide
the X-ray image. In an example, an X-ray image acqui-
sition unit is configured to acquire the X-ray image and
this is provided to the data storage or transfer unit. In an
example, the input unit comprises the X-ray acquisition
unit. In an example, the at least one input unit comprises
the ultrasonic probe.

[0076] In an example, the at least one input unit com-
prises a data storage or transfer unit configured to provide
the at least one ultrasonic image, for example via a con-
tinuous feed. In this manner, an add on box to an existing
X-ray/ultrasound system can be provided just for tracking
purposes.

[0077] In an example, the ultrasound image acquired
at the later time than the acquisition of the X-ray image
comprises two orthogonal slices and the ultrasound im-
age acquired at substantially the same time as the time
of acquisition of the X-ray image comprises two orthog-
onal slices. In other words, ultrasound images can be
acquired in x-plane mode, where two orthogonal slices
are recorded and from which changes in the position of
the part of the body feature, e.g. heart, can be tracked,
enabling an updated ultrasonic probe location to be es-
timated. X-plane mode is faster than full 3D volume ac-
quisition, whilst still enabling ultrasonic probe position
changes to be estimated providing for tracking of the ul-
trasonic probe.

[0078] Fig. 3 shows a method 100 for tracking the po-
sition of an ultrasonic probe in a body part in its basic
steps, except that the outputting of data is optional. The
method comprises the following:

In a first acquiring step 110, also referred to as step a),
an X-ray image of a portion of a body part within which
an ultrasonic probe 20 is positioned is acquired.

[0079] In a first determining step 120, also referred to
as step b), first geometrical positional information of the
ultrasonic probe 20 in the portion of the body part is de-
termined, the determination comprising utilizing the X-
ray image.

[0080] Inasecond acquiring step 130, also referred to
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as step c), at least one ultrasonic image comprising a
part of a body feature with the ultrasonic probe is ac-
quired, the acquiring 130 comprising acquiring 140 an
ultrasonic image of the at least one ultrasonic image at
a later time than a time of acquisition of the X-ray image.
[0081] Inasecond determining step 150, also referred
to as step g), second geometrical positional information
of the ultrasonic probe 20 in the body part at the later
time is determined, comprising utilizing the first geomet-
rical positional information and the at least one ultrasonic
image comprising the part of the body feature.

[0082] In an optional outputting step 160, also referred
to as step i), data representative of the second geomet-
rical positional information of the ultrasonic probe is out-
put.

[0083] Accordingto an example, step c) comprises ac-
quiring at least two ultrasonic images comprising the part
of the body feature with the ultrasonic probe. In this ex-
ample, step c) further comprises acquiring 170 an ultra-
sonic image at substantially the same time as the time
of acquisition of the X-ray image of the portion of the body
part.

[0084] In an example, step c) comprises acquiring at
least two ultrasonic images comprising the part of the
body feature with the ultrasonic probe, and in this exam-
ple step c) further comprises acquiring an ultrasonic im-
age at substantially the same position as a position of
the ultrasonic probe when the X-ray image of the portion
of the body part was acquired.

[0085] According to an example, the method compris-
es: acquiring 180, also referred to as step h), a second
X-ray image of the portion of the body part within which
the ultrasonic probe is positioned if a threshold has been
exceeded as a function of the first geometrical positional
information and the second geometrical positional infor-
mation.

[0086] According to an example, the method compris-
es: determining 190, also referred to as step d), at least
one position of the ultrasonic probe relative to at least
one position of the part of the body feature, utilizing the
at least one ultrasonic image. In this example, step g)
comprises utilizing 200 the at least one position of the
ultrasonic probe relative to the at least one position of
the part of the body feature.

[0087] According to an example, the method compris-
es:determining 210, also referred to as step e), segment-
ed data of the part of the body feature using model based
segmentation, utilizing the at least one ultrasonic image
comprising the part of the body feature. In this example,
step g) comprises utilizing 220 the segmented data of
the part of the body feature.

[0088] According to an example, the method compris-
es: determining 230, also referred to as step f), a position
of the part of the body feature as a reference position,
utilizing the at least one ultrasonic image comprising the
part of the body feature. In this example, step g) com-
prises utilizing 240 the reference position of the part of
the body feature.
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[0089] In an example, there is provided a method for
tracking the position of an ultrasonic probe in a body part,
comprising: providing an X-ray image of a portion of a
body part within which an ultrasonic probe was posi-
tioned; determining first geometrical positional informa-
tion of the ultrasonic probe in the portion of the body part,
comprising utilizing the X-ray image; providing at least
one ultrasonic image comprising a part of a body feature,
wherein the at least one ultrasonic image was acquired
by the ultrasonic probe and wherein an ultrasonic image
of the at least one ultrasonic image was acquired at a
later time than a time of acquisition of the X-ray image
of the portion of the body part; determining second geo-
metrical positional information of the ultrasonic probe in
the body part at the later time, comprising utilizing the
first geometrical positional information and the at least
one ultrasonic image comprising the part of the body
feature ; and outputting of data representative of the sec-
ond geometrical positional information of the ultrasonic
probe.

[0090] Fig. 4 shows a detailed workflow for tracking an
ultrasonic probe ina body part. In summary, from an initial
X-ray within which a TEE probe is located, correspond-
ence between the TEE probe and the 3D volume of the
X-ray unit is established by registering the TEE probe in
the X-ray image. In other words, the TEE probe is located
within the global space of the X-ray unit and is located
within the anatomical space of the patient. When the X-
ray unitis turned off, the TEE image feed is continuously
segmented to estimate the new TEE probe location. For
the case when a movement threshold has not been ex-
ceeded, which in an example can relate to small TEE
probe movements, the estimated location is shown on
the X-ray image. For the case when a movement thresh-
old has been exceeded, which in an example can relate
to large TEE probe movements, a new X-ray image may
be triggered to measure the current probe position. The
TEE probe can be localized in the X-ray image, and the
ultrasound image can be overlaid on the X-ray image
along with the position of the TEE probe, and annotations
(e.g. markers ellipses) or a heart segmentation can also
be overlaid on the X-ray image.

[0091] To summarize the above in a different manner:

1. The ultrasonic probe is localized in the X-ray im-
age, through 2D-3D registration. The 2D-3D image
registration provides the position and orientation of
the probe in the X-ray image.

2. The part of the body feature, for example the heart,
is segmented in the ultrasound image. The segmen-
tation of the ultrasound image provides the outlines
of the heart in the ultrasound volume.

3. From the 2D-3D registration of the probe in the X-
ray image, the ultrasound volume being imaged by
the ultrasound probe is known and can be located
in the X-ray image. In this manner, contours of the
heart, for example, can be drawn on top of the X-ray
image.
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The above summary can be explained in slightly more
detail as follows:

1. For localizing the probe in the x-ray using 2D-3D
registration, a 3D model of the probe is known (e.g.
from acquiring a nano-CT image). Then, for a given
estimate of the probe orientation, a projection of the
model, the so-called digitally reconstructed radio-
graph (DRR), is compared to the actual one or more
X-ray images in which the probe should be localized.
This process is repeated for several iterations in
which the similarity between the DDR and the X-ray
image is evaluated using an image comparison met-
ric. The degrees of freedom (translation and rotation)
are adjusted to best match the DDR with the X-ray
image(s). In other words, the parameters of the po-
sition and orientation are optimized by maximizing
the image similarity metric between DDR and X-ray
image(s). The registration process is discussed in
detail in a paper by Gao et al: Registration of 3D
trans-esophageal echocardiography to X-ray fluor-
oscopy using image-based probe tracking, Medical
Image Analysis 16 (2012) 38-49.

2. Model-based segmentation of for example the
heart in the ultrasound image comprises a mean
model, e.g. a triangular mesh consisting of N points
and T triangles connecting the points. The initial
shape describes for example an average or typical
shape. The model is then adapted to an image in
several steps. First, the general position (forexample
the center-of-gravity) and orientation are deter-
mined, and the mesh is placed accordingly in the
image. During model training each triangle had
learned which specific image features it should
search for. During adaptation, each triangle then
searches for these image features, resulting in a set
of attracting forces (from which the so-called external
energy is derived). Based on this external energy,
the model is successively adapted by estimating pa-
rameters of global or regional affine transformations
(the energy is minimized). In a final step, local de-
formations are allowed based on the external forces.
At the same time, a so-called internal energy penal-
izes too large deviations from the mean shape. After
multiple iterations, the shape of the mesh has been
adapted to the image. Because it is known which
mesh parts belong to which anatomical structures,
this adds anatomical context to the image. A seg-
mentation algorithm, applied to CT images but ap-
plied here to ultrasound images, is discussed in de-
tail in the paper by Ecabert el al., Automatic Model-
Based Segmentation of the Heart in CT Images,
IEEE Transactions on Medical Imaging, Vol. 27, No.
9, September 2008, 1189-1201.

3. In step 2, the anatomical context is established
locally in the ultrasound image. Because from step
1, the relationship between the ultrasound probe
(and thus the coordinate system of the ultrasound
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image) and the global space (i.e., also the X-ray im-
age) is known, the anatomical context (e.g. the seg-
mentation mesh or special landmarks) can be dis-
played on top of the X-ray image.

[0092] In more detail, and with reference to Fig. 4, the
system used to track the ultrasonic probe comprises an
X-ray unit and a transoesophageal echo (TEE) probe.
The 3D object (e.g. heart of the patient) between the X-
ray source and the detector is intrinsically converted from
3D space to the projected 2D X-ray image by absorption
along the radiation rays. The TEE probe is within the 3D
volume and thus visible in the X-rayimage. With animage
processing algorithm, the TEE probe can be automati-
cally detected. This way, the position and even orienta-
tion (using 2D - 3D registration) of the TEE probe in the
3D volume of the X-ray unit can be determined. Here, it
is described that the position and orientation of the TEE
probe can be determined with reference to the X-ray unit,
this however also means that the position and orientation
can be determined with respect to the reference coordi-
nates of the room within which the X-ray unit is housed.
In this manner, the x, y, and z coordinates of the TEE
probe can be determined, as well as the angular direction
of a longitudinal axis of the TEE probe and the rotational
angle of the TEE probe around that axis. In an example,
the orientation comprises the three rotation angles (Euler
angles or roll-pitch-yaw angles) to align the ultrasonic
probe coordinate system with the X-ray image acquisition
unit or coordinate system of the medical table. In other
words, the reference coordinates of the TEE probe can
be determined as well as where it is pointing and its axis
rotational characteristic at that position determined.

[0093] By acquiring a TEE ultrasonic image at the
same time as the X-ray image a transformation matrix
TreE Xvol from the TEE image into the 3D volume of the
X-ray unit can be determined. In this transformation, oth-
er known artificial transformations, such as a user-de-
fined rotation around the z axis, so-called "scan angle"
or seek angle, are included. Thus, it is known where in
the X-ray unit volume the TEE image voxels are located.
Using this information, the 3D TEE data can be projected
onto the X-ray image such that any point of the 3D TEE
image can be displayed at the correct position in the 2D
projection X-ray image. Mathematically, this is expressed
by a 2x3 projection matrix "P" and a 2D shift vector s "
Thus, any point "a" of the 3D coordinate system is pro-
jected onto a point "b" in the 2D coordinate system as
b = Pa + s,,. In other words, by determining a location
and orientation of the TEE probe, from an X-ray image,
whilst at the same time acquiring an ultrasonic image
with the TEE probe, enables global and anatomical con-
textual and spatial information to be determined through
mapping the acoustic image onto the X-ray image.

[0094] This is used, for example, to select landmarks
in the 3D TEE image and project them onto the 2D X-ray
image, or to segment the heart in the 3D TEE image and
then overlay the segmentation results onto the 2D X-ray
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image. Regarding this method, the co-registration may
need to be maintained overtime, i.e., the probe may need
to be continuously tracked to keep Tygg xyo Up-to-date.
If tracking can be performed without X-ray, the X-ray dos-
age can be reduced.

[0095] Therefore, the workflow for tracking an ultrason-
ic probe in a body part proceeds as follows:

1. Start at an instant at which an X-ray image and a
TEE image are acquired.

2. Detect the heart in the TEE image and thus also
in global space (using Treg xyo): thereby enabling
the position of the heart to be determined.

3. For later instants without X-ray image data, use
determined heart position as reference.

4. Detect TEE probe movement from the segmenta-
tion result of the TEE image only.

5. Use the detected TEE probe movement to

a. Give an estimation of the current TEE probe
position (without acquiring an X-ray image)

b. If the detected TEE probe movementis above
a certain threshold, trigger the acquisition of a
new X-ray image to determine the absolute new
position of the TEE probe.

c. Virtually display the tracked TEE probe on the
static X-ray image by using a 3D model of the
TEE probe.

[0096] Theheartis continuously segmented inthe TEE
images using model-based segmentation, see for exam-
ple Ecabert, Oliver, et al. as referenced above. The seg-
mentation, for example, adapts a mesh model to the TEE
image. The mesh contains Np points and N triangles.
Because the mesh structure does not change, corre-
sponding points between the different segmentation re-
sults are known.

[0097] The TEE image is always acquired relative to
the TEE probe location and orientation, in terms of its
positional coordinates and angular pointing direction and
angular position around the TEE probe axis. Thus, if the
position of the heart in the TEE image changes this may
be caused either ifthe heart itself moves (beating, breath-
ing), or if the TEE probe location or orientation has
changed.

[0098] Intrinsic heart motion may be excluded, for ex-
ample, by analyzing a consistent heart phase, such as
end-systole. This information can be derived from the
available ECG signal, or also from the segmentation re-
sult (e.g. when looking at the chamber volumes). Be-
cause breathing shifts the complete thorax including the
probe, the relative position of the probe to the heart is
affected only little. Alternatively, if needed, breathing can
be detected without X-ray, for example, with a'respiration
belt’ similarly as used with MR imaging. Then, from the
remaining shift/rotation of the heart in the TEE image, a
change in TEE probe translation and orientation is esti-
mated as follows:
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The TEE probe location is known at a time t, from an X-
ray image, at which also a 3D TEE image |, is acquired.
The probe location in 3D image space is x,. The position
of the heart in the image is described by the segmented
mesh M.

[0099] At a later time t;, a TEE image |, is acquired,
but no X-ray need be acquired. The new probe location
in 3D TEE space of |, is x4. The new position of the heart
in the image |, is described by the segmented mesh M.
[0100] The transformation matrix T, between the
heart positions M, and M, is estimated. For example, a
rigid transformation between the corresponding points in
M4 and M can be calculated. Thus T4 g transforms points
given in the image coordinates of 1, to corresponding
points in I.

[0101] The probe location x4 from t, is transformed to
the original image space in lg as x4’ = T4 ¢ X4.

[0102] Then the difference d to the original position x,
is calculated.
[0103] The new position x4’ and the shift d that are

known in the TEE image coordinate system of |, can be
transformed to the 3D volume coordinate system, of the
X-ray unit, using the known Treg 0 from ty. This way,
the new 3D coordinates and the probe shift in the volume
coordinates are known.

[0104] In other words, when no live X-ray is available,
with appropriate considerations the anatomical heart po-
sition can be assumed to be fixed, and on the basis of
this assumption TEE image data is used to estimate the
TEE probe shift and/or rotation.

[0105] Fig. 5 and Fig. 6 show a shift in the probe posi-
tion in the left hand images, and an estimation of the TEE
probe location displayed as an overlay onto an X-ray im-
age in the right hand images. In the left hand image of
Figs 5 and 6, the TEE probe position relative to the heart
model 250 at the time of the last X-ray is shown as po-
sition 260. The TEE probe has then moved. With no fur-
ther X-ray needing to be taken, from the segmentation
of the heart in a new TEE image, the new probe location
270 and the shift d between the two locations 260 and
270 can be estimated. In the left had images of figs 5 and
6 the new TEE probe location 270 is again shown relative
to the heart model 250. In the right hand images of Figs
5 and 6, TEE image segmentation of the heart 280 is
shown as an overlay onto an X-ray image. The heart 280
has been segmented into a number of regions, some of
which are identified as segments 282, 284 and 286. In
the X-ray image, a number of the patient’s vertebra are
shown 310. In the right hand image, the TEE probe po-
sition is shown in the upper left part of the image. At the
time of the last X-ray image, the position of the TEE probe
is indicated as position 290, and the new estimated lo-
cation at a later time derived from the segmented TEE
imagery is indicated as 300. If the shift length |d| exceeds
a certain threshold dy, s, acquisition of a new X-ray im-
age can be automatically triggered. The method there-
fore provides a good compromise between dose expo-
sure and tracking accuracy.
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[0106] It will be appreciated that while the above work-
flow relates to model-based segmentation of a 3D vol-
ume, it is possible to detect shifts from other ultrasound
images. For example, images can be acquired in x-plane
mode, i.e. two orthogonal ultrasound slices are recorded.
With changes in the position of the heart tracked across
such images, an updated probe location can then be es-
timated and displayed.

[0107] In another exemplary embodiment, a computer
program or computer program element is provided that
is characterized by being configured to execute the meth-
od steps of the method according to one of the preceding
embodiments, on an appropriate system.

[0108] The computer program element might therefore
be stored on a computer unit, which might also be part
of an embodiment. This computing unit may be config-
ured to perform or induce performing of the steps of the
method described above. Moreover, it may be configured
to operate the components of the above described ap-
paratus (i.e., system and workstation). The computing
unit can be configured 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 according to one of the preceding embodi-
ments.

[0109] This exemplary embodiment of the invention
covers both, a computer program that right from the be-
ginning uses the invention and computer program that
by means of an update turns an existing program into a
program that uses the invention.

[0110] Further on, the computer program element
might be able to provide all necessary steps to fulfill the
procedure of an exemplary embodiment of the method
as described above.

[0111] According to a further exemplary embodiment
of the present invention, a computer readable medium,
such as a CD-ROM, is presented wherein the computer
readable medium has a computer program element
stored on it which computer program element is de-
scribed by the preceding section.

[0112] A computer program may be stored and/or dis-
tributed on a suitable medium, such as an optical storage
medium or a solid state medium supplied together with
or as part of other hardware, but may also be distributed
in other forms, such as via the internet or other wired or
wireless telecommunication systems.

[0113] However, the computer program may also be
presented over a network like the World Wide Web and
can be downloaded into the working memory of a data
processor from such a network. According to a further
exemplary embodiment of the present invention, a me-
dium for making a computer program element available
for downloading is provided, which computer program
element is arranged to perform a method according to
one of the previously described embodiments of the in-
vention.

[0114] It has to be noted that embodiments of the in-
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vention are described with reference to different subject
matters. In particular, some embodiments are described
with reference to method type claims whereas other em-
bodiments are described with reference to the device
type claims. However, a person skilled in the art will gath-
er from the above and the following description that, un-
less otherwise notified, in addition to any combination of
features belonging to one type of subject matter also any
combination between features relating to different sub-
ject matters is considered to be disclosed with this appli-
cation. However, all features can be combined providing
synergetic effects that are more than the simple summa-
tion of the features.

[0115] While the invention has been illustrated and de-
scribed in detail in the drawings and foregoing descrip-
tion, suchillustration and description are to be considered
illustrative or exemplary and not restrictive. The invention
is not limited to the disclosed embodiments. Other vari-
ations to the disclosed embodiments can be understood
and effected by those skilled in the art in practicing a
claimed invention, from a study of the drawings, the dis-
closure, and the dependent claims.

[0116] 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 fulfill 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
not indicate that a 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 system (10) for tracking the position of an ultra-
sonic probe in a body part, comprising:

- an ultrasonic probe (20);
- an X-ray image acquisition unit (30); and
- a processing unit (40);

wherein, the X-ray image acquisition unit is config-
ured to acquire an X-ray image of a portion of a body
part within which the ultrasonic probe is positioned;
wherein, the processing unit is configured to deter-
mine first geometrical positional information of the
ultrasonic probe in the portion of the body part, com-
prising utilizing the X-ray image;

wherein, the ultrasonic probe is configured to acquire
at least one ultrasonic image comprising a part of a
body feature, the at least one ultrasonicimage com-
prising an ultrasonic image to be acquired at a later
time than a time of acquisition of the X-ray image of
the portion of the body part;

characterized, in that the processing unit is further
configured to determine second geometrical posi-
tional information of the ultrasonic probe in the body
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part at the later time, comprising utilizing the first
geometrical positional information and the at least
one ultrasonic image comprising the part of the body
feature.

System according to claim 1, wherein the at least
one ultrasonic image further comprises an ultrasonic
image to be acquired at substantially the same time
as the time of acquisition of the X-ray image of the
portion of the body part.

System according to any of claims 1-2, wherein the
X-ray image acquisition unit is configured to acquire
a second X-ray image of the portion of the body part
within which the ultrasonic probe is positioned if the
processing unit determines that a threshold value
has been exceeded as a function of the first geomet-
rical positional information and the second geomet-
rical positional information.

System according to any of claims 1-3, wherein the
processing unit is configured to determine at least
one position of the ultrasonic probe relative to atleast
one position of the part of the body feature by utilizing
the at least one ultrasonic image, and

wherein the processing unit being configured to de-
termine the second geometrical positional informa-
tion of the ultrasonic probe comprises utilizing the at
least one position of the ultrasonic probe relative to
the at least one position of the part of the body fea-
ture.

System according to any of claims 1-4, wherein the
processing unit is configured to determine segment-
ed data of the part of the body feature using model
based segmentation by utilizing the at least one ul-
trasonic image comprising the part of the body fea-
ture, and wherein the processing unit being config-
ured to determine the second geometrical positional
information of the ultrasonic probe comprises utiliz-
ing the segmented data of the part of the body fea-
ture.

System according to any of claims 1-5, wherein the
processing unit is configured to determine a position
of the part of the body feature as a reference position
by utilizing the at least one ultrasonic image com-
prising the part of the body feature, and

wherein the processing unit being configured to de-
termine the second geometrical positional informa-
tion of the ultrasonic probe comprises utilizing the
reference position of the part of the body feature.

System according to any of claims 1-6, wherein, the
processing unit being configured to determine the
first geometrical positional information of the ultra-
sonic probe in the portion of the body part comprises
utilization of a three dimensional model of the ultra-
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sonic probe.

System according to claim 7, wherein the processing
unitis configured to compare a projection of the three
dimensional model of the ultrasonic probe with the
X-ray image.

System according to any of claims 7-8, wherein the
processing unit is configured to iteratively determine
a similarity between the three dimensional model
and the X-ray image utilizing an image comparison
metric.

System according to claim 9, wherein the processing
unit is configured to optimize a position and/or ori-
entation of the three dimensional model by maximiz-
ing the image comparison metric.

System according to any of claims 7-9, wherein the
processing unit is configured to compare the three
dimensional model with the X-ray image comprising
adjustment of at least one translational degree of
freedom of the three dimensional model and/or ad-
justment of at least one rotational degree of freedom
of the three dimensional model.

A workstation (60) for tracking the position of an ul-
trasonic probe in a body part, comprising:

- at least one input unit (70); and
- a processing unit (80);

wherein, the at least one input unit is configured to
provide an X-ray image of a portion of a body part
within which an ultrasonic probe was positioned;
wherein, the processing unit is configured to deter-
mine first geometrical positional information of the
ultrasonic probe in the portion of the body part, com-
prising utilizing the X-ray image;

wherein, the at least one input unit is configured to
provide at least one ultrasonic image comprising a
part of a body feature, wherein the at least one ul-
trasonic image was acquired by the ultrasonic probe
and wherein an ultrasonic image was acquired at a
later time than a time of acquisition of the X-ray image
of the portion of the body part; and characterized
in that the processing unit is further configured to
determine second geometrical positional informa-
tion of the ultrasonic probe in the body part at the
later time, comprising utilizing the first geometrical
positional information and the at least one ultrasonic
image comprising the part of the body feature.

A method (100) of operating a system as defined by
claims 1-11 or a workstation as defined by claim 12
for tracking the position of an ultrasonic probe in a
body part, comprising:
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a) acquiring (110) an X-ray image of a portion
of a body part within which an ultrasonic probe
(20) is positioned;

b) determining (120) first geometrical positional
information of the ultrasonic probe in the portion
of the body part, comprising utilizing the X-ray
image;

c) acquiring (130) at least one ultrasonic image
comprising a part of a body feature with the ul-
trasonic probe, comprising acquiring (140) an
ultrasonic image at a later time than a time of
acquisition of the X-ray image; characterized
in that the method further comprises:

d) determining (150) second geometrical posi-
tional information of the ultrasonic probe in the
body part at the later time, comprising utilizing
the first geometrical positional information and
the at least one ultrasonic image comprising the
part of the body feature.

14. A computer program for controlling an apparatus ac-
cording to one of claims 1 to 12, which when exe-
cuted by a processor is configured to carry out the
method of claim 13.

15. A computer readable medium having stored the pro-
gram element of claim 14.

Patentanspriiche

1. System (10) zum Verfolgen der Position einer Ultra-
schallsonde in einem Korperteil, umfassend:

- eine Ultraschallsonde (20);
- eine Réntgenbilderfassungseinheit (30); und
- eine Verarbeitungseinheit (40);

wobei die Rdntgenbilderfassungseinheit konfiguriert
ist, um ein Rontgenbild eines Korperteilabschnitts
zu erfassen, in dem die Ultraschallsonde positioniert
ist;

wobei die Verarbeitungseinheit konfiguriert ist, um
erste geometrische Positionsinformationen der Ul-
traschallsonde in dem Kdérperteilabschnitt zu bestim-
men, umfassend das Verwenden des Réntgenbilds;
wobei die Ultraschallsonde konfiguriert ist, um min-
destens ein Ultraschallbild, welches ein Korpermerk-
malteil umfasst, zu erfassen, wobei das mindestens
eine Ultraschallbild ein Ultraschallbild umfasst, das
zu einem spateren Zeit zu erfassen ist als ein Erfas-
sungszeitpunkt des Rontgenbilds des Korperteilab-
schnitts;

dadurch gekennzeichnet, dass die Verarbeitungs-
einheit ferner konfiguriert ist, um zweite geometri-
sche Positionsinformationen der Ultraschallsonde in
dem Korperteil zu einem spateren Zeitpunkt zu be-
stimmen, umfassend das Nutzen der ersten geome-
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trischen Positionsinformationen und des mindes-
tens einen das Korpermerkmalteil umfassenden Ul-
traschallbilds.

System nach Anspruch 1, wobei das mindestens ei-
ne Ultraschallbild ferner ein Ultraschallbild umfasst,
das zu im Wesentlichen dem gleichen Zeitpunkt zu
erfassen ist wie der Erfassungszeitpunkt des Ront-
genbilds des Kérperteilabschnitts.

System nach einem der Anspriiche 1 bis 2, wobei
die Rontgenbilderfassungseinheit konfiguriert ist,
um ein zweites Rontgenbild des Kdrperteilabschnitts
zu erfassen, in dem die Ultraschallsonde positioniert
ist, wenn die Verarbeitungseinheit bestimmt, dass
ein Schwellenwert als eine Funktion der ersten ge-
ometrischen Positionsinformationen und der zwei-
ten geometrischen Positionsinformationen (ber-
schritten wurde.

System nach einem der Anspriiche 1 bis 3, wobei
die Verarbeitungseinheit konfiguriert ist, um mindes-
tens eine Position der Ultraschallsonde in Bezug auf
mindestens eine Position des Kdrpermerkmalteils
unter Verwendung des mindestens einen Ultra-
schallbilds zu bestimmen, und wobei die Verarbei-
tungseinheit, die konfiguriert ist, um die zweiten ge-
ometrischen Positionsinformationen der Ultraschall-
sonde zu bestimmen, das Nutzen der mindestens
einen Position der Ultraschallsonde in Bezug auf die
mindestens eine Position des Kdrpermerkmalteils
umfasst.

System nach einem der Anspriiche 1 bis 4, wobei
die Verarbeitungseinheit konfiguriert ist, um seg-
mentierte Daten des Korpermerkmalteils mittels ei-
ner modellbasierten Segmentierung unter Verwen-
dung des mindestens einen Ultraschallbilds, wel-
ches das Kérpermerkmalteil umfasst, zu bestimmen,
und wobei die Verarbeitungseinheit, die konfiguriert
ist, um die zweiten geometrischen Positionsinforma-
tionen der Ultraschallsonde zu bestimmen, das Ver-
wenden der segmentierten Daten des Kérpermerk-
malteils umfasst.

System nach einem der Anspriiche 1 bis 5, wobei
die Verarbeitungseinheitkonfiguriert ist, um eine Po-
sition des Koérpermerkmalteils unter Verwendung
des mindestens einen den Kérpermerkmalteil um-
fassenden Ultraschallbilds als eine Referenzpositi-
on zu bestimmen, und wobei die Verarbeitungsein-
heit, die konfiguriert ist, um die zweiten geometri-
schen Positionsinformationen der Ultraschallsonde
zubestimmen, das Verwenden der Referenzposition
des Kérpermerkmalteils umfasst.

System nach einem der Anspriiche 1 bis 6, wobei
die Verarbeitungseinheit, die konfiguriert ist, um die
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ersten geometrischen Positionsinformationen der
Ultraschallsonde in dem Korperteilabschnitt zu be-
stimmen, das Verwenden eines dreidimensionalen
Modells der Ultraschallsonde umfasst.

System nach Anspruch 7, wobei die Verarbeitungs-
einheit konfiguriert ist, um eine Projektion des drei-
dimensionalen Modells der Ultraschallsonde mit
dem Rontgenbild zu vergleichen.

System nach einem der Anspriiche 7 bis 8, wobei
die Verarbeitungseinheit konfiguriert ist, um iterativ
eine Ahnlichkeit zwischen dem dreidimensionalen
Modell und dem Rdntgenbild mittels einer Bildver-
gleichsmetrik zu bestimmen.

System nach Anspruch 9, wobei die Verarbeitungs-
einheit konfiguriert ist, um eine Position und/oder
Ausrichtung des dreidimensionalen Modells durch
Maximieren der Bildvergleichsmetrik zu optimieren.

System nach einem der Anspriiche 7 bis 9, wobei
die Verarbeitungseinheit, die konfiguriert ist, um das
dreidimensionale Modell mit dem Roéntgenbild zu
vergleichen, das Anpassen von mindestens einem
translationellen Freiheitsgrad des dreidimensiona-
len Modells und/oder das Anpassen von mindestens
einem rotationellen Freiheitsgrad des dreidimensio-
nalen Modells umfasst.

Workstation (60) zum Verfolgen der Position einer
Ultraschallsonde in einem Korperteil, umfassend:

- mindestens eine Eingabeeinheit (70); und
- eine Verarbeitungseinheit (80);

wobei die mindestens eine Eingabeeinheit konfigu-
riert ist, um ein Rontgenbild eines Korperteilab-
schnitts, in dem eine Ultraschallsonde positioniert
war, bereitzustellen;

wobei die Verarbeitungseinheit konfiguriert ist, um
erste geometrische Positionsinformationen der Ul-
traschallsonde in dem Kdérperteilabschnitt zu bestim-
men, umfassend das Verwenden des Réntgenbilds;
wobei die mindestens eine Eingabeeinheit konfigu-
riert ist, um mindestens ein ein Kérpermerkmalteil
umfassendes Ultraschallbild bereitzustellen, wobei
das mindestens eine Ultraschallbild durch die Ultra-
schallsonde erfasst wurde und wobei ein Ultraschall-
bild zu einem spateren Zeitpunkt erfasst wurde als
ein Erfassungszeitpunkt des Réntgenbilds des Kor-
perteilabschnitts; und

dadurch gekennzeichnet, dass die Verarbeitungs-
einheit ferner konfiguriert ist, um zweite geometri-
sche Positionsinformationen der Ultraschallsonde in
dem Korperteil zu dem spateren Zeitpunkt zu be-
stimmen, umfassend das Nutzen der ersten geome-
trischen Positionsinformationen und des mindes-
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tens einen Ultraschallbilds mit dem Ko&rpermerk-
malsteil.

Verfahren (100) zum Betreiben eines Systems wie
durch die Anspriche 1 bis 11 definiert oder einer
Workstation wie durch Anspruch 12 definiert zum
Verfolgen der Position einer Ultraschallsonde in ei-
nem Korperteil, umfassend:

a) Erfassen (110) eines Roéntgenbilds eines Kor-
perteilabschnitts, in dem eine Ultraschallsonde
(20) positioniert ist;

b) Bestimmen (120) erster geometrischer Posi-
tionsinformationen der Ultraschallsonde in dem
Korperteilabschnitt, umfassend das Verwenden
des Rontgenbilds;

c) Erfassen (130) von mindestens einem ein
Korpermerkmalteil umfassenden Ultraschallbild
mit der Ultraschallsonde, umfassend das Erfas-
sen (140) eines Ultraschallbilds zu einem spa-
teren Zeitpunkt als ein Erfassungszeitpunkt des
Réntgenbilds;

dadurch gekennzeichnet, dass das Verfahren
ferner umfasst:

d) Bestimmen (150) zweiter geometrischer
Positionsinformationen der Ultraschallson-
de in dem Korperteil zu dem spateren Zeit-
punkt, umfassend das Verwenden der ers-
ten geometrischen Positionsinformationen
und des mindestens einen Ultraschallbilds
mit dem Kérpermerkmalsteil.

Computerprogramm zum Steuern eines Gerats
nach einem der Anspriiche 1 bis 12, das bei Ausfilih-
rung durch einen Prozessor konfiguriert ist, das Ver-
fahren nach Anspruch 13 durchzufiihren.

Computerlesbares Medium auf dem das Program-
melement von Anspruch 14 gespeichert ist.

Revendications

1.

Systéme (10) pour suivre la position d’une sonde
ultrasonique dans une partie de corps, comprenant :

- une sonde ultrasonique (20) ;

- une unité d’acquisition d’image par rayons X
(30) ; et

- une unité de traitement (40) ;

dans lequel, I'unité d’acquisition d'image par rayons
X est configurée pour acquérir une image par rayons
X d’'une portion d’'une partie de corps a l'intérieur de
laquelle la sonde ultrasonique est positionnée ;

dans lequel, I'unité de traitement est configurée pour
déterminer des premiéres informations positionnel-
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les géométriques de la sonde ultrasonique dans la
portion de la partie de corps, comprenant I'utilisation
de l'image par rayons X ;

dans lequel, la sonde ultrasonique est configurée
pour acquérir au moins une image ultrasonique com-
prenant une partie d’'une particularité de corps, I'au
moins une image ultrasonique comprenant une ima-
ge ultrasonique a acquérir a un temps postérieur a
un temps d’acquisition de I'image par rayons X de
la portion de la partie de corps ;

caractérisé en ce que l'unité de traitement est en
outre configurée pour déterminer des secondes in-
formations positionnelles géométriques de la sonde
ultrasonique dans la partie de corps au temps pos-
térieur, comprenant l'utilisation des premiéres infor-
mations positionnelles géométriques et I'au moins
une image ultrasonique comprenant la partie de la
particularité de corps.

Systeme selon la revendication 1, dans lequel I'au
moins une image ultrasonique comprend en outre
une image ultrasonique a acquérir sensiblement au
méme moment que le moment d’acquisition de I'ima-
ge par rayons X de la portion de la partie de corps.

Systeme selon I'une quelconque des revendications
1 a 2, dans lequel I'unité d’acquisition d’image par
rayons X est configurée pour acquérir une seconde
image parrayons X de la portion de la partie de corps
al’intérieur de laquelle la sonde ultrasonique est po-
sitionnée si I'unité de traitement détermine qu’une
valeur de seuil a été dépassée comme une fonction
des premieres informations positionnelles géométri-
ques et des secondes informations positionnelles
géométriques.

Systeme selon I'une quelconque des revendications
1a 3, dans lequel I'unité de traitement est configurée
pour déterminer au moins une position de la sonde
ultrasonique par rapport a au moins une position de
la partie de la particularité de corps en utilisant I'au
moins une image ultrasonique, et dans lequel 'unité
de traitement qui est configurée pour déterminer les
secondes informations positionnelles géométriques
de la sonde ultrasonique comprend ['utilisation de
I’'au moins une position de la sonde ultrasonique par
rapport a I'au moins une position de la partie de la
particularité de corps.

Systeme selon I'une quelconque des revendications
1a4, dans lequel I'unité de traitement est configurée
pour déterminer des données segmentées de la par-
tie de la particularité de corps utilisant une segmen-
tation basée sur un modeéle en utilisant 'au moins
une image ultrasonique comprenant la partie de la
particularité de corps, et dans lequel 'unité de trai-
tement qui est configurée pour déterminer les se-
condes informations positionnelles géométriques de
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lasonde ultrasonique comprend I'utilisation des don-
nées segmentées de la partie de la particularité de
corps.

Systéme selon I'une quelconque des revendications
1 a5, dans lequel I'unité de traitement est configurée
pour déterminer une position de la partie de la par-
ticularité de corps en tant que position de référence
en utilisant I'au moins une image ultrasonique com-
prenant la partie de la particularité de corps, et dans
lequel I'unité de traitement qui est configurée pour
déterminer les secondes informations positionnelles
géométriques de la sonde ultrasonique comprend
I'utilisation de la position de référence de la partie
de la particularité de corps.

Systéme selon I'une quelconque des revendications
1 a 6, dans lequel, I'unité de traitement qui est con-
figurée pour déterminer les premiéres informations
positionnelles géométriques de la sonde ultrasoni-
que dans la portion de la partie de corps comprend
I'utilisation d’'un modeéle tridimensionnel de la sonde
ultrasonique.

Systéme selon la revendication 7, dans lequel I'unité
de traitement est configurée pour comparer une pro-
jection du modéle tridimensionnel de la sonde ultra-
sonique a I'image par rayons X.

Systéme selon I'une quelconque des revendications
7 a8, dans lequel I'unité de traitement est configurée
pour déterminer de maniére itérative une similitude
entre le modéle tridimensionnel et'image par rayons
X en utilisant une comparaison d'image métrique.

Systéme selon la revendication 9, dans lequel 'unité
de traitement est configurée pour optimiser une po-
sition et/ou une orientation du modéle tridimension-
nel en maximisantla comparaison d’image métrique.

Systéme selon I'une quelconque des revendications
7 a9, dans lequel I'unité de traitement est configurée
pour comparer le modéle tridimensionnel a I'image
par rayons X comprenant un ajustement d’au moins
un degré de liberté en translation du modéle tridi-
mensionnel et/ou un ajustementd’au moins undegré
de liberté en rotation du modéle tridimensionnel.

Poste de travail (60) pour suivre la position d’une
sonde ultrasonique dans une partie de corps,
comprenant :

- au moins une unité d’entrée (70) ; et
- une unité de traitement (80) ;

dans lequel, 'au moins une unité d’entrée est confi-
gurée pour fournir une image par rayons X d'une
portion d’'une partie de corps a I'intérieur de laquelle
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une sonde ultrasonique a été positionnée ;

dans lequel, I'unité de traitement est configurée pour
déterminer des premiéres informations positionnel-
les géométriques de la sonde ultrasonique dans la
portion de la partie de corps, comprenant I'utilisation
de l'image par rayons X ;

dans lequel, 'au moins une unité d’entrée est confi-
gurée pour fournir au moins une image ultrasonique
comprenant une partie d’'une particularité de corps,
dans lequel 'au moins une image ultrasonique a été
acquise par la sonde ultrasonique et dans lequel une
image ultrasonique a été acquise a un moment pos-
térieur a un moment d’acquisition de l'image par
rayons X de la portion de la partie de corps ; et
caractérisé en ce que l'unité de traitement est en
outre configurée pour déterminer des secondes in-
formations positionnelles géométriques de la sonde
ultrasonique dans la partie de corps au moment pos-
térieur, comprenant l'utilisation des premiéres infor-
mations positionnelles géométriques et I'au moins
une image ultrasonique comprenant la partie de la
particularité de corps.

Procédé (100) de mise en oeuvre d’'un systeme tel
que défini par les revendications 1 a 11 ou un poste
de travail tel que défini par la revendication 12 pour
suivre la position d’une sonde ultrasonique dans une
partie de corps, comprenant :

a) I'acquisition (110) d’une image par rayons X
d’une portion d’une partie de corps a l'intérieur
de laquelle une sonde ultrasonique (20) est
positionnée ;

b) la détermination (120) de premiéres informa-
tions positionnelles géométriques de la sonde
ultrasonique dans la portion de la partie de
corps, comprenant I'utilisation de I'image par
rayons X ;

c) 'acquisition (130) d’au moins une image ul-
trasonique comprenant une partie d’'une parti-
cularité de corps avec la sonde ultrasonique,
comprenant I'acquisition (140) d’une image ul-
trasonique a un momentpostérieur aun moment
d’acquisition de I'image par rayons X ; caracté-
risé en ce que le procédé comprend en outre :

d) la détermination (150) de secondes in-
formations positionnelles géométriques de
la sonde ultrasonique dans la partie de
corps au moment postérieur, comprenant
I'utilisation des premiéres informations po-
sitionnelles géométriques et 'au moins une
image ultrasonique comprenant la partie de
la particularité de corps.

14. Programme informatique pour commander un appa-

reil selon 'une des revendications 1 a 12, qui lorsqu'il
est exécuté par un processeur est configuré pour
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effectuer le procédé selon la revendication 13.

15. Support lisible par ordinateur ayant stocké I'élément

de programme selon la revendication 14.
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