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(57) Abstract: The present invention relates to tracking an
interventional device. In order to provide a facilitated and
simplified real-time tracking of an interventional device, a
medical imaging system (10) for tracking an interventional
device is provided, that comprises an interface unit (12), and
a processing unit (14).The interface unit is configured to
provide first image data (18) of a first part of an intervention-
al device, which first part is arranged outside an object. The
first image data comprises 3D image data. The intertace unit
is configured to provide second image data (20) of a second
part of the interventional device, which second part is a con-
tinuation of the first part, and which second part is arranged
inside the object. The second image data comprises 2D im-
age data. The processing unit is configured to compute a first
3D model portion of the interventional device based on the
first image data, and to compute a second 3D model portion
of the interventional device based on the second image data
and the first model portion. The interface unit is configured
to provide data of a graphical representation (22) of the inter-
ventional device based on the first and second 3D model por-
tions.
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MULTICAMERA DEVICE TRACKING

FIELD OF THE INVENTION
The present invention relates to a medical imaging system for tracking an
interventional device, and a method for tracking an interventional device inserted partially

inside an object, as well as to a computer program element and a computer readable medium.

BACKGROUND OF THE INVENTION

During examinations of an object, for example, interventional devices are used
that can be inserted at least partially into an object, e.g. they extend inside the object. In case
the inside of the object is invisible to a human eye, for example when examining a patient,
the location, and thus also the range of the inserted interventional device cannot be followed
without imaging systems that provide respective image data. For example, X-ray images are
acquired to provide a better understanding of the present situation. An examination with an
interventional device is, for example, a biopsy procedure. In US 2011/0125011 A1, it is
described to acquire three-dimensional X-ray images as a roadmap. These are then combined
with real-time 2D X-ray images that are angularly offset from each other. However, it has
been shown that the acquisition of 3D images for a roadmap means additional preparation

steps.

SUMMARY OF THE INVENTION

Thus, there may be a need to provide a facilitated and simplified real-time
tracking of an interventional device.

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.

It should be noted that the following described aspects of the invention apply
also for the medical imaging system for tracking an interventional device, for the method for
tracking an interventional device inserted partially inside an object, for the computer program
element and for the computer readable medium.

According to a first aspect of the present invention, a medical imaging system

for tracking an interventional device is provided, comprising an interface unit, and a
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processing unit. The interface unit is configured to provide first image data of a first part of
an interventional device, which first part is arranged outside an object. The first image data
comprises 3D image data. The interface unit is configured to provide second image data of a
second part of the interventional device, which second part is a continuation of the first part,
and which second part is arranged at least partially inside the object. The second image data
comprises 2D image data. The processing unit is configured to compute a first 3D model
portion of the interventional device based on the first image data, and to compute a second
3D model portion of the interventional device based on the second image data and the first
model portion. The interface display unit is configured to provide data of a graphical
representation of the interventional device based on the first and second 3D model portions.

The processing unit may be configured to register the first 3D image data and
the second 2D image data.

According to an exemplary embodiment, a display unit is provided configured
to display the graphical representation of the interventional device based on the first and
second 3D model portions.

According to an exemplary embodiment, the medical imaging system further
comprises a first image acquisition device, and a second image acquisition device.. The first
image acquisition device is configured to acquire the first image data. The second image
acquisition device is configured to acquire the second image data.

The first portion is also referred to as an outside portion and the second
portion is referred to as an inserted portion. The interventional device may be an elongated
device with a longitudinal axis, which is aligned with an insertion direction.

According to an exemplary embodiment, the first image data is provided by at
least two optical cameras. The second image data may be provided by an X-ray imaging
arrangement. Alternatively, or in addition an ultrasound imaging arrangement may be
provided.

For example, the first image acquisition device is an optical imaging system
providing optical, i.c. visible images. The second image acquisition device is an X-ray
imaging system providing X-ray image data or an ultrasound imaging device providing
ultrasound image data.

The first and second image data may be are acquired live, i.e. in real-time. The
first image acquisition device may comprise an optical image acquisition device with at least
two cameras. The first image data may be provided by laser scanners, depth cameras, e.g.

time-of-flight cameras, structured light cameras, ultrasound through air and the like. Another
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possibility is radar. The second image acquisition device comprises an X-ray image
acquisition device or an ultrasound image acquisition device, according to an example. The
X-ray image acquisition device may be an X-ray image acquisition device with an X-ray
source and an X-ray detector.

According to an exemplary embodiment, the processing unit is configured to
register the first 3D image data and the second 2D image data. The display is configured to
display the first 3D image data and the second 2D image data in a combined image together
with a model representation of the interventional device based on the first and second model
portions.

According to an exemplary embodiment, the processing unit is configured to
combine the first model portion and the second model portion to form a 3D model of the
interventional device.

According to an exemplary embodiment, the processing unit is configured to
determine a bounding space, in which the interventional device is located’. The processing
unit is further configured to determine the bounding space based on the first model portion
and the second model portion, and/or on the model of the interventional device.

According to an exemplary embodiment, the processing unit is configured to
determine a bounding box, in which a predetermined part of the interventional device is
located.

According to an exemplary embodiment, the interventional device is a flexible
interventional device configured for a bending in simple curve geometries. The processing
unit is configured to determine two possible bending poses of the needle. And the display is
configured to present the bending poses to the user.

According to an exemplary embodiment, the processing unit is configured to
determine a bending of the interventional device for the first image data. The processing unit
is configured to predict a bending of the interventional device inside the object based on the
determined bending in the first image data.

According to an exemplary embodiment, the processing unit is configured to
register the first 3D image data and the second 2D image data. The display unit is configured
to display the registered images in a combined image.

According to a second aspect of the present invention, a method for tracking
an interventional device inserted partially inside an object is provided, comprising the steps:
a) acquiring first image data of a first part of an interventional device, which first

part is arranged outside an object, wherein the first image data comprises 3D image data;
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b) acquiring second image data of a second part of the interventional device,
which second part is a continuation of the first part, and which second part is arranged inside
the object, wherein the second image data comprises 2D image data;

c) computing a first 3D model portion of the interventional device based on the
first image data; and

d) computing a second 3D model portion of the interventional device based on
the second image data and the first model portion.

According to an exemplary embodiment, a step ¢) is provided, in which the
first model portion and the second model portion are combined to form a 3D model of the
interventional device.

According to an exemplary embodiment, a step f) is provided, in which a
bounding space is determined, in which the interventional device is located. The
determination of the bounding space is based on the first model portion and the second model
portion, and/or on the model of the interventional device.

The term “bounding space” refers to the space that defines the possible
boundaries of the area in which the device may be positioned, i.e. the determined location
considering certain deviations that are possible and reasonable.

According to an exemplary embodiment, a bounding box is determined, in
which a predetermined part of the interventional device is located.

In one example, a confidence volume is determined for the range of location
of the part of the device arranged inside the object. Based on the length of the device, for
example a needle, it is possible to determine the length of the portion arranged outside the
body on behalf of the 3D image data. Further, the length of the portion inside the object can
be determined. Together with the direction, i.c. orientation of the outside part, the insertion
point is the starting point for the confidence volume. Depending on the rigidity, i.e. flexibility
of the device, the inside part could be bended inside the object, i.e. deviate from the straight
or linear direction as given by the orientation. The possible space in which the device could
thus be located can be visualized to the user as the confidence volume.

For example, the interventional device is rigid, wherein a location of the
predetermined part is determined. In a further example, the interventional device is flexible,
wherein a location of the predetermined part is determined.

In one example, the bounding spatial region, i.c. the bounding space, is
presented to the user in relation with image data of the object.

In another example, a planned needle path is shown overlay to the determined
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model.

In a further example, in case of a flexible interventional device configured for
a bending in simple curve geometries, two possible bending poses of the needle are
determined and presented to the user.

According to an aspect of the present invention, an interventional device
tracking, e.g. needle tracking, is provided that delivers 3D information inside, for example,
the patient’s body, using, for example, a multi-optical camera setup. For example, the
interventional device profile in three dimensions, corresponding to the outside of the object,
which is obtained from, for example, a video setup, is combined with the two-dimensional
device footprint corresponding to the object’s inside, which 2D needle or device footprint is
obtained from needle tracking, for example, in live X-ray images. In a further option, an a-
priori known length of the device, i.e. a length known before using the device, can be used in
these combination steps. Thus, the present approach allows the modelling of the full needle
device extent, i.e. the outside and inside parts, and the determining where the object’s front
end is located. This determination may be achieved with various degrees of accuracy,
depending on assumptions and needle types. For example, rigid needles can be located with
high perfection. The provision of three-dimensional image data of the outside portion of the
device can be arranged, for example, with optical cameras, thus providing an enhanced and
facilitated way of providing the 3D outside data. Further, the provision of image data of the
inside of the object is having a reduced effort, since only two-dimensional image data is
provided. However, the 3D outside data is used for providing the missing third dimension of
the device inside, i.e. 3D image data inside the object is provided by the combination of the
3D outside data and the 2D inside data. For example, the interventional device is a needle.
The needle path in the X-ray image does not reveal the needle pose perpendicular to the X-
ray image plane. However, in order to assure that the planned target is hit and that critical
anatomical structures are avoided, this information is needed in particular. The present
invention allows determining the needle pose perpendicular to the X-ray image, or at least a
limited region in which the needle can be found, without the necessity to move the X-ray
gantry or other additional measurements. By tracking the needle in the optical camera
images, and combining the information from multiple cameras, it is possible to accurately
determine the actual 3D path of the needle for part that is outside the patient’s body. Further,
the needle is tracked in the 2D live X-ray image and the full needle extent (outside plus
inside) is modelled, based on the combination of the 3D video needle profile (outside part)

and on the 2D X-ray needle footprint (inside part). Further, as an option, it is possible to
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introduce the a-priori known needle’s length in this modelling.
These and other aspects of the present invention will become apparent from

and be elucidated with reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS

Exemplary embodiments of the invention will be described in the following
with reference to the following drawings:

Fig. 1 shows an exemplary embodiment of a medical imaging system in a first
basic setup;

Fig. 2 shows a medical imaging system according to an exemplary
embodiment in a further schematic setup;

Fig. 3 shows a further example of medical imaging system with an X-ray
image acquisition unit as a second image acquisition device;

Fig. 4 shows basic steps of an exemplary embodiment of a method for tracking
an interventional device;

Figs. 5 and 6 show further examples of further method steps;

Figs. 7 and 8 show different examples of graphical representations according
to exemplary embodiments;

Figs. 9a to 9¢ show further examples of different aspects in relation with the
present invention;

Fig. 10 shows a further example of a graphical representation according to an
exemplary embodiment;

Fig. 11 shows a greyscale illustration of Fig. 7;

Fig. 12 shows an illustration of Fig. §; and

Fig. 13 shows a graphical representation of Fig. 10.

DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1 shows a medical imaging system 10 for tracking an interventional
device in a first example, comprising an interface unit 12 and a processing unit 14. As an
option, a display unit 16 may be provided. The interface 12 unit is configured to provide first
image data, indicated with a first arrow 18, of a first part of an interventional device, which

first part is arranged outside an object. The first image data comprises 3D image data. The
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interface unit 12 is further configured to provide second image data, indicated with a second
arrow 20, of a second part of the interventional device, which second part is a continuation of
the first part, and which second part is arranged at least partially inside the object. The second
image data comprises 2D image data. The processing unit 14 is configured to compute a first
3D model portion of the interventional device based on the first image data, and to compute a
second 3D model portion of the interventional device based on the second image data of the
first model portion. The interface unit is configured to provide data of a graphical
representation 22 of the interventional device based on the first and second 3D model
portions.

The display unit 16 is configured to display the graphical representation 22
(not further shown in detail in Fig. 1) of the interventional device.

Fig. 2 shows a further example of a medical imaging system 100 for tracking
an interventional device 110, wherein the medical imaging system 100 comprises a first
image acquisition device 112, for example shown as a first camera 112a and a second camera
112b. Further, a second image acquisition device 114 is provided, together with a processing
unit 116. The first image acquisition device 112 is configured to acquire the first image data
comprising 3D image information, or 3D image data, of a first part of an interventional
device, which first part is arranged outside an object, for example a patient 118. The first part
of the interventional device 110 is indicated with reference numeral 120. The second image
acquisition device 114 is configured to acquire the second image data comprising 2D image
information, or 2D image data, of a second part of the interventional device, which second
part is a continuation of the first part, and which second part is arranged, ¢.g. inserted, at least
partially inside the object. The second part is indicated with reference numeral 122. The
processing unit 116, being in data communication or data connection 124 with the other
components, is configured to compute a first 3D model portion of the interventional device
based on the first image data, and to compute a second 3D model portion of the
interventional device based on the second image data and the first model portion. It should be
noted that the interface unit as mentioned above is not further shown.

For example, the first image data is provided by at least two optical cameras
112a and 112b. The respective image acquisition is indicated with a camera viewing beam
124a and 124D, respectively. Instead of the two cameras, a stereo camera may be provided,
for example with distance determination means.

The second image data may be provided by an X-ray imaging arrangement

126, not further shown. A dotted beam structure 128 indicates a respective X-ray beam. It
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must be noted that further details, for example a detector, are not further shown in Fig. 2.

According to a further example (not further shown), the second image data is
provided by an ultrasound imaging arrangement.

The processing unit 116 is configured to register the first 3D image data and
the second 2D image data. Further, a display 130 is provided, which is configured to display
the first 3D image data and the second 2D image data in a combined image together with a
model representation of the interventional device based on the first and second model
portions. However, it must be noted, that the display 130, although shown in relation with the
other features of Fig. 2, does not represent a feature that is absolutely necessary for the
embodiment of the other features. Thus, the display 130, shown in Fig. 2, must be seen as an
option.

Fig. 3 shows a further example of a medical imaging system 100, comprising a
C-arm X-ray imaging arrangement 132, with an X-ray source 134 and an X-ray detector 136
provided on opposite ends of a C-arm structure 138. Further, a movable support 140 is
shown, together with a ceiling mounting system 142. For example, an object 144 is shown
supported on a movable or adaptable support, for example a patient table 146. Further, two
cameras 148 are shown for the first image acquisition device. Still further, the processing unit
116 is shown in the foreground with monitors 150 and user interfaces 152, for example a
mouse, a keyboard, a touchpad or other control panels. Further, lighting equipment 154 is
shown, together with a larger display arrangement 156. Instead of a C-arm, also other types
of X-ray image acquisition can be provided.

Fig. 4 shows a method 200 for tracking an interventional device inserted
partially inside an object, comprising the following steps. In a first step 210, first image data
212 of a first part of an interventional device is acquired, which first part is arranged outside
an object, wherein the first image data comprises 3D image data. In a second step 214,
second image data 216 is acquired of a second part of the interventional device, which second
part is a continuation of the first part, and which second part is arranged inside the object,
wherein the second image data comprises 2D image data. In a third step 218, a first 3D model
portion 220 of the interventional device is computed based on the first image data. In a fourth
step 222, a second 3D model portion 224 of the interventional device is computed based on
the second image data and the first model portion.

The first step 210 is also referred to as step a), the second step 214 as step b),
the third step 218 as step ¢), and the fourth step 222 as step d).

The interventional device position perpendicular to the image plane of the
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second image data may be determined based on the 3D information provided by the first
image data. For the position, a limited region, in which the device can be found, may be
determined. The first part is also referred to as first fragment and the second part is also

referred to as second fragment.

For computing the first model portion, the interventional device is determined
in the first image data, and for computing the second model portion, the interventional device
is determined in the second image data.

For computing the first model portion, the interventional device may be
tracked in the first image data, and for computing the second model portion, the
interventional device is tracked in the second image data.

For tracking the interventional device, a first end of the interventional device
may be tracked and an entry point, where the interventional device enters the object’s
surface, is determined.

Fig. 5 shows a further example of the method, wherein a fifth step 226 is
provided, which is also referred to as step ¢). In step ¢), the first model portion and the
second model portion are combined to form a 3D model 228 of the interventional device.

For example, for computing of the second model portion in step ¢), this is also
based on a predetermined length of the interventional device. As mentioned above, the
interventional device may be a biopsy needle. The fifth step 226 is also referred to as step e).

As shown in Fig. 6, a sixth step 230 may be provided, in which a
determination 234 of a bounding space takes place, in which bounding space the
interventional device is located. The determination of the bounding space is based on the first
model portion and the second model portion; and/or on the model of the interventional
device. The bounding space may also be referred to as bounding spatial region. The sixth step
230 is also referred to as step f).

It must be noted that step f) can be provided in combination with step ¢),
following step ¢), or in combination with steps a) to d), following step d).

For example, a bounding box may be determined, in which a predetermined
part of the interventional device is located.

The bounding spatial region may be presented to the user in relation with
image data of the object.

According to a further example (not further shown), a device track for the
interventional device is computed based on at least the first model portion. For example, the

interventional device may be a biopsy needle and the device track is a needle path.
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In case of a flexible interventional device configured for a bending in simple
curve geometries, two possible bending poses of the needle are determined and presented to
the user.

For example, a bending of the interventional device is determined for the first
image data; and a bending of the interventional device inside the object is predicted, based on
the determined bending in the first image data.

For example, a volumetric region is determined indicating the expected
position of the interventional device. A bending of the interventional device is determined for
the first part of the interventional device; and a bending of the interventional device is
determined for the second part of the interventional device. For example, a cone-shaped
region is determined in which the second part is located.

According to a further example (not further shown), the first 3D image data
and the second 2D image data are registered and displayed in a combined image.

Fig. 7 shows an example of a displayed image, in which optical images from
two cameras are fused with a planned needle path and a three-dimensional X-ray
reconstruction. In the left image, a user’s hand 310 is visible, holding a needle 312. A small
circle 314 indicates an insertion point of the needle, i.c. a point where the needle enters the
inside of the patient. Further, the part of the needle inside the object, i.e. the patient for
example, is also indicated with reference numeral 316. Similar is also shown in right half of
Fig. 7.

In Fig. 8, a planned needle path 318 is shown in the upper left half. Further, a
live fluoroscopy image with fused overlay is shown in the upper row in the middle portion
and the right portion, as well as in the lower row for the left portion and the middle portion.

According to a further example, the above described approach allows
achieving the following features: the bounding region, in which the needle, and in particular
the needle tip, can possibly be present, can be determined, and visualized to a physician.
Using this information, it can be determined that vital anatomical parts have not been hit,
which saves X-ray dose and time, since in that case no further verification is needed. Using
this information, the physician can decide to move the gantry to another angle to verify the
needle location, in case the bounding region seems to be critical. Using this information, the
physician can decide to make a 3D reconstruction, for example using Philips XperCT, to
verify the needle location. Using the assumption that the needle bends only making a simple
curve, only one concavity possible, the two possible poses can be indicated to the physician,

which shall also be described in the following. Using the bending outside the body, detected
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by the optical cameras for example, the bending inside the body can be predicted. If a needle
is rigid, the exact needle tip location can be determined in three-dimension, i.e. the bounding
box is shrunk to a point.

With respect to Figs. 9 et seq., some aspects shall be further explained. In
Fig. 9a, an X-ray source 410 is shown, and a needle 412 arranged between the X-ray source
410 and an X-ray detector 414. On the detector 414, a projection 412" of the needle is
indicated with a dotted line. When only the X-ray image and, for example, a C-arm gantry
pose are given, it is impossible to know the exact location of the needle. The amount of
possible needle positions within the dashed triangle, indicated with dashed lines 416, 418, is
infinite. In order to overcome this, it is necessary to track the needle in the optical images, for
example shown in Fig. 10, showing a first line 510 indicating the needle, where a diamond
shape indicates a head 512, and a ball shape 514 indicates a skin entry point. Further, the
optical images show a handle portion 516. A further line 518 indicates a possible position
inside the object.

Fig. 9b shows the needle 412 viewed under two different viewing angles,
namely from a first vocal spot 410a and a second vocal spot 410b. The first focal spot is
projecting towards a first detector 414a, and the second vocal spot 410b is projecting towards
a detector 414b. Thus, respective needle projections 412°a and 412’b are provided. The
tracked needle fragment from the optical images can be reprojected into 3D space. The
intersection of the reprojections delivers the actual needle fragment location in 3D space. It
must be noted that Fig. 9b relates to the image data provided by the optical cameras, for
example. The lines and projections indicating the needle 412 are also shown with a diamond
shape on one end, representing the needle’s head, and a ball shape at the other end, indicating
the needle’s entry portion.

Fig. 9c refers to a first embodiment for stiff or straight needles, where the
combination of the 3D position of the needle fragment outside the patient’s body, as taken
from the optical camera images (see Fig. 9b), and the X-ray image, as described in Fig. 9a, is
combined to deliver the exact 3D needle location. Thus, also the part inserted inside the
patient is provided. A dotted line 420 indicates the portion arranged inside the body, whereas
a straight line 422 indicates the portion of the needle arranged outside the body.

In a second embodiment, the a-priori knowledge of the needle length is
combined with the 3D position of the needle fragment from the optical cameras, such that the
exact location within the patient’s anatomy is known for stiff, straight needles.

In a third embodiment, both described approaches (using the X-ray image and
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using a-priori knowledge of the needle length) can be combined to verify the respective
results, and indicate the uncertainty of the position.

In a further exemplary embodiment, relating to bending needles, shown in
Fig. 9d, it can also be very useful to track the visible needle fragment from the optical
cameras. Using the a-priori known needle length, a volumetric region 424 can be indicated,
regarding the expected position of the needle. It can be taken into account that increasing
bending angles are increasingly unlikely. The confidence region can then be visualized in the
fused images.

In a further exemplary embodiment, this method can be further defined by
estimating the bending in the hidden needle fragment by extrapolating any bending found in
the optically visible needle fragment. For example, Fig. 9¢ relates to a further exemplary
embodiment, where the tracked needle fragment in 3D from the optical cameras is combined
with the a-priori knowledge of the needle length, the X-ray image, and a simple model for the
bending of the needle, it is possible to find or several possible solutions that fit all
information. Fig. 9¢ indicates the portion of the needle arranged outside the body, indicated
with straight line 426, as described above, and in combination a predicted needle, indicated
with thinner straight line 428. On the X-ray detector 414, the respective projection 430 is
shown. For example, as a bending model, a second degree polynomial or spline is used,
together with the 3D optically visible fragment 426 and the X-ray image, i.e. the projection
430, can be used to predict the actual 3D bended needle part 428.

Fig. 11 shows a graphical representation of the line drawing of Fig. 7, Fig. 12
shows a graphical representation of Fig. 8 and Fig. 13 shows a graphical representation of
Fig. 10.

In another exemplary embodiment of the present invention, a computer
program or a computer program clement is provided that is characterized by being adapted to
execute the method steps of the method according to one of the preceding embodiments, on
an appropriate system.

The computer program element might therefore 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. Morecover, 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 of the invention.
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This exemplary embodiment of the invention covers both, a computer program
that right from the beginning uses the invention and a computer program that by means of an
up-date turns an existing program into a program that uses the invention.

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

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
described by the preceding section.

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

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
medium 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 invention.

It has to be noted that embodiments of the invention are described with
reference to different subject matters. In particular, some embodiments are described with
reference to method type claims whereas other embodiments are described with reference to
the device type claims. However, a person skilled in the art will gather from the above and
the following description that, unless otherwise notified, in addition to any combination of
features belonging to one type of subject matter also any combination between features
relating to different subject matters is considered to be disclosed with this application.
However, all features can be combined providing synergetic effects that are more than the
simple summation of the features.

While the invention has been illustrated and described in detail in the drawings
and foregoing description, such illustration and description are to be considered illustrative or
exemplary and not restrictive. The invention is not limited to the disclosed embodiments.
Other variations to the disclosed embodiments can be understood and effected by those

skilled in the art in practicing a claimed invention, from a study of the drawings, the
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disclosure, and the dependent claims.

In the claims, the word “comprising” does not exclude other elements or steps,
and the indefinite article “a” or “an” does not exclude a plurality. A single 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 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.
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CLAIMS:
1. A medical imaging system (10; 100) for tracking an interventional device,
comprising:

- an interface unit (12); and
- a processing unit (14; 116);

wherein the interface unit is configured to provide first image data (18) of a
first part of an interventional device, which first part is arranged outside an object; wherein
the first image data comprises 3D image data;

wherein the interface unit is configured to provide second image data (20) of a
second part of the interventional device, which second part is a continuation of the first part,
and which second part is arranged at least partially inside the object; wherein the second
image data comprises 2D image data;

wherein the processing unit is configured to compute a first 3D model portion
of the interventional device based on the first image data; and to compute a second 3D model
portion of the interventional device based on the second image data and the first model
portion; and

wherein the interface unit is configured to provide data of a graphical
representation (22) of the interventional device based on the first and second 3D model

portions.

2. System according to claim 1, comprising a display unit (16; 130) configured to
display a graphical representation (22) of the interventional device based on the first and

second 3D model portions.

3. System according to claim 1 or 2, further comprising:
- a first image acquisition device (112); and
- a second image acquisition device (114);
wherein the first image acquisition device is configured to acquire the first

image data;
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wherein the second image acquisition device is configured to acquire the

second image data.

4. System according to claim 1, 2 or 3, wherein the first image data is provided
by at least two optical cameras; and

wherein the second image data is provided by:

1) an X-ray imaging arrangement (126); and/or by
i) an ultrasound imaging arrangement.
5. System according to claim 2, 3 or 4, wherein the processing unit is configured

to register the first 3D image data and the second 2D image data; and
wherein the display is configured to display the first 3D image data and the
second 2D image data in a combined image together with a model representation of the

interventional device based on the first and second model portions.

6. System according to one of the preceding claims, wherein the processing unit
is configured to combine the first model portion and the second model portion to form a 3D

model of the interventional device.

7. System according to one of the preceding claims, wherein the processing unit
is configured to determine a bounding space, in which the interventional device is located;
and

wherein the processing unit is configured to determine the bounding space
based on the first model portion and the second model portion; and/or on the model of the

interventional device.

8. System according to one of the preceding claims, wherein the processing unit
is configured to determine a bounding box, in which a predetermined part of the

interventional device is located.

9. System according to one of the preceding claims, wherein the interventional
device is a flexible interventional device configured for a bending in simple curve
geometries;

and wherein the processing unit is configured to determine two possible
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bending poses of the needle; and wherein the display is configured to present the bending

poses to the user.

10. System according to one of the preceding claims, wherein the processing unit

is configured to determine a bending of the interventional device for the first image data; and
wherein the processing unit is configured to predict a bending of the

interventional device inside the object based on the determined bending in the first image

data.

11. System according to one of the preceding claims, wherein the processing unit
is configured to register the first 3D image data and the second 2D image data; and
wherein the display unit is configured to display the registered images in a

combined image.

12. A method (200) for tracking an interventional device inserted partially inside
an object, comprising the following steps:

a) acquiring (210) first image data (212) of a first part of an interventional
device, which first part is arranged outside an object; wherein the first image data comprises
3D image data;

b) acquiring (214) second image data (216) of a second part of the interventional
device, which second part is a continuation of the first part, and which second part is
arranged inside the object; wherein the second image data comprises 2D image data;

c) computing (218) a first 3D model portion (220) of the interventional device
based on the first image data; and

d) computing (222) a second 3D model portion (224) of the interventional device

based on the second image data and the first model portion.

13. Method according to claim 12, wherein the computing of the second model

portion in step d) is also based on a predetermined length of the interventional device.

14. A computer program element for controlling an apparatus according to one of
the claims 1 to 11, which, when being executed by a processing unit, is adapted to perform

the method of one of the claims 12 to 13.
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A computer readable medium having stored the program element of claim 14.
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