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INTERACTIVE CORRESPONDENCE REFINEMENT IN STEREOTACTIC X-RAY
IMAGING

FIELD OF THE INVENTION

The present invention relates to a graphical user-interface for providing
positioning data of an object, a system for providing positioning data of an object, an X-ray
imaging arrangement, a method for providing navigation data of an object, a computer

program clement and a computer readable medium.

BACKGROUND OF THE INVENTION

Stereotactic examinations are used, for example, in screening and diagnostic
mammography. Certain findings, e.g. regions with a suspicious appearance in an X-ray image,
are located with stereographic images. By identifying the finding in each of two stereo images,
it is possible to derive the spatial location of the finding. This positioning information can then
be used, for example, to perform a biopsy and collect a specimen from the suspicious location.
US 6,022,325 relates to a mammographic biopsy apparatus and describes the use of
stereoscopic images for the determination of points of interest for the placement of a biopsy
needle. However, it has been shown that the manual selection of the respective positions in
cach of the provided images may lead to inaccuracy and has also been shown to be

cumbersome.

SUMMARY OF THE INVENTION

There may be a need for an improved way of providing positioning data of an
object in terms of accuracy and attention required by the user.

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 graphical user-interface for providing positioning data of an object, the system for
providing positioning data of an object, the X-ray imaging arrangement, the method for
providing navigation data of an object, as well as for the computer program element and the

computer readable medium.
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According to a first aspect of the present invention, a graphical user-interface
for providing positioning data of an object is provided, comprising a display unit, an interface
controller unit, and a user-interface unit. The display unit comprises at least two display
portions configured to present at least two different images of an object from different
directions with a known geometric relation. The graphical user-interface unit is configured for
a determination of a first 2D position in a first one of the at least two different images by
interaction of a user. The interface controller unit is configured to compute a corresponding
range of location for the first position in at least a second one of the at least two different
images. The graphical user-interface unit is configured for a determination of a second 2D
position in the corresponding range of location for the first position in at least a second one of
the at least two different images by interaction of the user. The display input unit is further
configured to indicate the first position in the first image, and to indicate the range of location
in the at least second image. The display unit is further configured to indicate the second
position in the second image.

According to a second aspect of the present invention, a system for providing
positioning data of an object is provided, comprising a data input unit, a processing unit, an
interface unit, and a display unit. The data input unit is configured to provide image data of at
least two images of an object from different directions with a known geometric relation. The
processing unit is configured to compute a corresponding range of location for the first
position in at least a second one of the at least two different images. The display unit is
configured to present the at least two different images, to indicate the first position in the first
image, and to indicate the range of location in the at least second image, as well as to indicate
the second position in the second image. The interface unit is configured for an interaction of
a user to determine a first 2D position in a first one of the at least two different images, and to
determine a second 2D position in the corresponding range of location for the first position in
at least a second one of the at least two different images.

According to a further example, a combination of the graphical user-interface
and the system is provided.

According to an exemplary embodiment, the interface unit is configured for an
interaction of a user to determine a primary 2D position in each of the at least two images.
The processing unit is further configured to compute a corresponding range of location for
each position for all other images. The processing unit is further configured to determine and

provide a proposal for a refined corresponding secondary 2D position in the other images
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considering the determined primary 2D position in the respective image to the user.

According to a third aspect of the present invention, an X-ray imaging
arrangement is provided, comprising an X-ray source, an X-ray detector, and a processing
unit. Further, a graphical user-interface is provided according to one of the above-mentioned
examples. Further, a system for providing positioning data of an object according to the
examples mentioned above may also be provided in addition or as an alternative to the
graphical user-interface. The X-ray source and the X-ray detector are configured to acquire
the X-ray images from at least two different directions with a known geometric relation.

According to a further exemplary embodiment, the X-ray imaging arrangement
further comprises a biopsy device for performing a collection of a specimen from a suspicious
location. Upon determination of a spatial location, based on the user interaction in the first
image resulting in the first 2D position and in the second image, resulting in the second
position, the spatial location is provided to the biopsy device. The biopsy device is configured
to collect the specimen from the determined spatial location.

According to a fourth aspect of the present invention, a method for providing
navigation data of an object is provided, comprising the following steps:

a) providing image data of at least two images of an object from different
directions with a known geometric relation, and presenting the at least two different images;
b) determining a first 2D position in a first one of the at least two different images
by interaction of a user, and indicating the first position in the first image;

c) computing a corresponding range of location for the first position in at least a
second one of the at least two different images, and indicating the range of location in the at
least second image; and

d) determining a second 2D position in the corresponding range of location for the
first position in at least a second one of the at least two different images by interaction of the
user, and indicating the second position in the second image.

The navigation data relates to positioning data.

According to an exemplary embodiment, a step ¢) is provided for computing a
corresponding first location for the second position in the first one of the at least two different
images, and computing a proposal for a correction of the determined first 2D position based
on the computed corresponding first location, and indicating the proposal for the corrected

first 2D position in the first image. Further, a step f) is provided for refining at least one of the
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corresponding first and/or second 2D positions in at least one of the at least two images by an
interaction of the user.

According to a further exemplary embodiment, in step b) the determined 2D
position is a first part or object of a target structure, and a step g) is provided for determining
a further 2D position of the second part of the target structure in the first one of the at least
two different images by interaction of a user, and indicating the further position in the first
image. Next, a step h) is provided, repeating step ¢) as mentioned above. Further, a step 1) is
provided computing the spatial extension of the target structure, and positioning a computed
device maximizing a cover of the target structure extension by the computed device.

According to a further exemplary embodiment, the user corrects at least one of
the indicated positions in at least one of the images. The corrected position is used as a
secondary input upon which the at least one corresponding position is re-computed. Updated
positions are then presented.

According to a further exemplary embodiment, the user determines a primary
2D position in each of the at least two images. A corresponding range of location for each
position is then computed for all other images. The proposal for a refined corresponding
secondary 2D position in the other images considering the determined primary 2D position in
the respective image is provided to the user.

According to a further aspect of the present invention, a combination of
generating correspondences in an automatic way and confirmation required by the operator or
user is provided. For example, correspondences are generated automatically in three views,
with pixel to subpixel accuracy, requiring only the operator to confirm the positions. In order
to achieve this, a registration technique is provided, in which cursor positions are registered
without deforming the images. Because of the calibrated epipolar geometry, the possible
positions for each correspondence can be restricted to a straight line and even to a certain
fraction along the line due to the limited (and known) depth of the region of interest, for
example a female breast, and of course other anatomical structures as well. Thus, accuracy of
correspondences is improved, as well as the workflow necessary to be performed is simplified.

These and other aspects of the invention will become apparent from and be

elucidated with reference to the embodiments described hereinafter.

BRIEF DESCRIPTION OF THE DRAWINGS
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Exemplary embodiments of the invention will be described in the following with
reference to the following drawings:

Fig. 1 schematically shows an exemplary embodiment of a graphical user-
interface for providing positioning data of an object, according to an example of the present
invention.

Fig. 2 schematically shows a system for providing positioning data of an object
according to an example of the present invention.

Fig. 3 shows an X-ray imaging arrangement according to an exemplary
embodiment of the present invention.

Fig. 4 shows basic steps of a method for providing navigation data of an object
according to an example of the present invention.

Figs. 5, 6 and 7 show further examples of methods according to the present
invention.

Figs. 8A to 8B show an example for images provided to the user.

Figs. 9A, 9B, and 9C show portions of images provided to the user in
combination with the performance of certain steps.

Figs. 10A and 10B show further images displayed to the user according to the
present invention.

Figs. 11A to 11B, Figs. 12A to 12C, and Figs. 13A to 13B show photographic
illustrations of the drawings of Figs. 8A to 8B, Figs. 9A to 9C, and Figs. 10A to 10B.

DETAILED DESCRIPTION OF EMBODIMENTS

Fig. 1 shows a graphical user-interface 10 for providing positioning data of an
object. The graphical user-interface 10 comprises a display unit 12, an interface controller unit
14, and a user-interface unit 16. The display unit 12 comprises at least two display portions 18
configured to present at least two different images of an object from different directions with a
known geometric relation. The user-interface unit 16 is configured for a determination of a
first 2D position in a first one of the at least two different images by interaction of a user. The
interface controller unit 14 is configured to compute a corresponding range of location for the
first position in at least a second one of the at least two different images. The user-interface
unit is further configured for a determination of a second 2D position in the corresponding

range of location for the first position in at least a second one of the at least two different
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images by interaction of a user. The display input unit 12 is further configured to indicate the
first position in the first image, and to indicate the range of location in the at least second
image, and to indicate the second position in the second image.

In Fig. 1, an arrow 20 indicates a control connection of the interface controller
unit 14 with the display unit 12. Further, a connecting line 22 indicates a data connection
between the user-interface unit 16 and the interface controller unit 14. Of course, the
indication of data connections comprises wire-based connections, as well as wireless
connections. Further, the display unit 12, the interface controller unit 14, and/or the user-
interface unit 16 may be provided in an integral manner, for example in a single housing or
apparatus structure.

The user-interface unit 16 may be provided as a separate input element, for
example a keyboard, a mouse or a joystick, as well as a trackball or other interaction devices.
The user-interface unit 16 may also be provided as a touch-sensitive function of the display
unit, i.c. as a touch screen surface of the display unit 12.

The interface controller unit 14 may be configured to determine a spatial
location upon the user action in the first and second image, based on the first 2D position and
the at least second 2D position. The spatial location may then be provided for further steps.

The interface controller unit 14 may be configured to compute the
corresponding first location for the second position in the first one of the at least two different
images, and to compute a proposal for a correction of the determined first 2D position based
on the computed corresponding first location. Further, the display unit may be configured to
indicate a proposal for the corrected first 2D position in the at least first image. The user-
interface unit 16 may also be configured for a refinement of at least one of the corresponding
first and/or second 2D positions in the at least one of the at least two images by interaction of
the user.

For example, the determined 2D position is a first part of a target structure.
The user-interface unit 16 may be configured for determination of a further 2D position of a
second part of the target structure in one of the at least two different images by interaction of
the user. The display unit 12 may be configured to indicate a further position in the first image,
and the interface controller unit 14 may be configured to compute the spatial extension of the
target structure, and to position a computed device maximizing a cover of the target structure
extension by the computed device.

For example, a first image is shown in the left display portion and a second
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image is shown in the right display portion. Both images relate to the same object, but
acquired from different directions with a known geometric relation. The user then determines
a position in the left image, for example, and the corresponding range of location is computed
and presented in the right image. Of course, this could also be provided vice versa, i.¢.
determining a first position in the right image and indicating the corresponding range of
location in the other, i.c. left image. Instead of having to exactly identify the corresponding
position in the second image by the user himself, which is not only time-consuming, but also
subject to possible inaccuracy, the user is provided with a range of location, thus facilitating
the identification and determination of the second 2D position in the second image.

Fig. 2 schematically shows a system 30 for providing positioning data of an
object, comprising a data input unit 32, a processing unit 34, an interface unit 36, and a
display unit 38. The data input unit 32, for example a data exchange interface of the
processing unit, is configured to provide image data of at least two images of an object from
different directions with a known geometric relation. The processing unit 34 is configured to
compute a corresponding range of location for the first position in at least a second one of the
at least two different images. The display unit 38 is configured to present the at least two
different images (not further shown), and to indicate the first position in the first image, and
also to indicate the range of location in the at least second image, as well as to indicate the
second position in the second image. The interface unit 36 is configured for an interaction of a
user to determine a first 2D position in a first one of the at least two different images, and to
determine a second 2D position in the corresponding range of location for the first position in
at least a second one of the at least two different images. The functional relations will be
explained also further below.

For example, the processing unit 34 is configured to determine a spatial
location upon the user interaction in the first and second image, based on the first 2D position
and the at least second 2D position. The spatial location may then be provided for further
steps, for example via the data input unit 32, acting as a data output unit.

For example, the interface unit 36 is configured for an interaction of a user to
determine a primary 2D position in each of the at least two images. The processing unit 34 is
further configured to compute a corresponding range of location for each position for all other
images. The processing unit 34 is further configured to determine and provide a proposal for a
refined corresponding secondary 2D position in the other images considering the determined

primary 2D position in the respective image to the user.
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Thus, the possibility to correct and thus further define, or refine, the identified
2D positions by an interaction of the user is provided. For example, upon presenting the result
of a first round of determination of 2D position and the respective identification within the
provided range for the second 2D position, the user can interact in one (or more) correction
loop(s) for further positioning.

For example, the processing unit may further be configured to compute a
corresponding first location for the second position in the first one of the at least two different
images and to compute a proposal for a correction of the determined first 2D position based
on the computed corresponding first location. Thus, the user is further supported by the
processing unit, providing a guide or hint for a further refinement. The display unit is further
configured to indicate the proposal for the corrected first 2D position in the at least first
image. The interface unit is further configured for an interaction of the user to refine at least
one of the corresponding first and/or second 2D positions in at least one of the at least two
images by interaction of the user.

In a further example, the determined 2D position is a first part of a target
structure, and the interface unit is configured for an interaction of a user to determine a further
2D position of a second part of the target structure in one of the at least two different images.
The display unit may be configured to indicate the further position in the first image, and the
processing unit is configured to compute the spatial extension of the target structure and to
position a computed device maximizing a cover of target structure extension by the computed
device.

For example, the computed device is relating to a biopsy device and the target
structure is an identified finding with a three-dimensional extension. Thus, the user is provided
with a guidance based on simulation in order to evaluate and assess the success of a planned
extraction step, for example for collecting a specimen of the identified finding.

Fig. 3 shows an X-ray imaging arrangement 40, comprising an X-ray source
42, an X-ray detector 44, and a processing unit 46 (not further shown in detail). Further, a
graphical user-interface 10 may be provided, as described in relation with Fig. 1. In addition,
or alternatively, a system 30 for providing positioning data of an object, as described in
relation with Fig. 2, may be provided.

The X-ray imaging arrangement 40 is shown as a C-arm structure in Fig. 3,
comprising a C-arm support structure 50, movably holding a C-arm 52. The X-ray source 42

and the X-ray detector 44 are provided at opposing ends of the C-arm 52. Thus, it is possible
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to acquire X-ray images from different directions of an object 54. Further, a support
arrangement 56, for example a patient support table, may be provided. Further, some lighting
equipment 58 and some further display equipment 60 is indicated.

According to the present invention, the depicted C-arm arrangement of Fig. 3 is
shown as an example only. The present invention is also provided for other X-ray imaging
equipment, for example for moveable X-ray sources in combination with portable detector
tablets, as well as to mammography X-ray imaging systems, and also for CT systems.
Independent of the chosen X-ray imaging structure, the X-ray source and the X-ray detector
are configured to acquire the X-ray images from at least two different directions with a known
geometric relation.

According to a further example (not further shown in detail), the X-ray imaging
arrangement 40 comprises a biopsy device for performing a collection of a specimen from a
suspicious location. Upon determination of a spatial location, based on the user interaction in
the first image resulting in the first 2D position, and in the second image resulting in the
second 2D position, the spatial location is provided to the biopsy device. The biopsy device is
configured to collect the specimen from the determined spatial location. For example, the
biopsy device is a biopsy needle, for example for mammography examinations.

In the following, the procedure of providing positioning data of an object is
further explained.

Fig. 4 shows an example of a method 100 for providing navigation data of an
object. The following steps are provided: In a first step 110, image data of at least two images
of an object from different directions with a known geometric relation is provided in a first
substep 112, and the at least two different images are presented in a second substep 114. In a
second step 120, a first 2D position 122 is determined in a first one of the at least two
different images by interaction of a user in a first substep 124. In a second substep 126, the
first position is indicated in the first image. In a third step 130, a corresponding range of
location 132 for the first position in at least a second one of the at least two different images is
computed in a first substep 134. The range of location in the at least second image is indicated
in a second substep 136. In a fourth step 140, a second 2D position 142 in the corresponding
range of location for the first position in at least a second one of the at least two different
images is determined in a first substep 144 by interaction of the user. In a second substep 146,
the second position in the second image is indicated.

The first step 110 is also referred to as step a), the second step 120 as step b),
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the third step 130 as step c), and the fourth step 140 as step d).

According to a further example, shown in Fig. 5, a fifth step 150 is provided in
which a corresponding first location 152 for the second position in the first one of the at least
two different images is computed in a first substep 154, and a proposal 156 for a correction of
the determined first 2D position based on the computed corresponding first location is
computed in a second substep 158. In a further substep 159, the proposal for the corrected
first 2D position in the at least first image is indicated. In a sixth step 160, a refining 162 of at
least one of the corresponding first and/or second 2D positions in at least one of the at least
two images is refined by interaction of the user.

The fifth step 150 is also referred to as step ¢), and the sixth step 160 as step f).

For example, the 2D positions are target positions, and in a further step, an
optimum device placement is computed maximizing a probability to hit the selected target.

According to a further example, shown in Fig. 6, in step b), the determined 2D
position is a first part of a target structure. A first further step 170 is provided with a first
substep 172, in which a further 2D position 174 of a second part of the target structure is
determined in one of the at least two different images by interaction of a user. In a second
substep 176, the further position is indicated in the first image. In a second further step 180, it
is provided to compute a corresponding first location 182 for the second position in the first
one of the at least two different images in a first substep 184. Then, in a second substep 186, a
proposal 188 for a correction of the determined first 2D position is computed based on the
computed corresponding first location. In a further substep 189, the proposal for the corrected
first 2D position is indicated in the at least first image. In a third further step 190, the spatial
extension of the target structure is computed in a first substep 192, and a computed device is
positioned in a second substep 194, maximizing a cover of the target structure extension by
the computed device.

The first further step 170 is also referred to as step g), the second further step
180 as step h), and the third further step 190 as step 1).

It is noted that the substeps of step h) may be provided in accordance with step
¢) of the example shown in Fig. 5, as described above.

According to a further example (not further shown), before step g), the steps d)

to f) are repeated in at least one refinement loop.



10

15

20

25

30

WO 2013/136239 11 PCT/IB2013/051857

According to a further example, a spatial location is determined based on the
first 2D position and the at least second 2D position. The spatial location is then provided for
further steps.

For example, the spatial location is referred to as a 3D position, location in
space or the like.

The range of location in step d) may be an epipolar line of the position
determined in step c), but considering the probable location within the object, thus providing
only a segment of the epipolar line. According to a further example, the range of location is
restricted to a line segment arranged inside an object. For example, the epipolar line is
restricted to be arranged inside a breast volume.

Fig. 7 shows a further embodiment of a method, wherein the user corrects at
least one of the indicated positions in at least one of the images. For example, the first 2D
position, as indicated in substep 126, is corrected in a first correction step 210. The corrected
position is used as a secondary input 212 upon which the at least one corresponding position
is re-computed in a further substep 214, and updated positions are presented in a further
substep 216.

A further example for a correction provided by the user is also shown in Fig. 7,
however not meant as a compulsory aspect, but as an alternative correction, which may also
be provided in addition. In other words, Fig. 7 shows two different ways of correcting, which
two ways may be provided independently from each other, or also in addition.

As indicated, the user can correct the second position as indicated in substep
146, which correction is indicated with a further frame 220. The corrected position is then
used as a secondary input 222 upon which the at least one corresponding position is re-
computed 224, and updated positions are presented in substep 226.

According to a further example (not shown), a preview of an interventional
device is computed and positioned such that the determined target, which is defined by the at
least first and second positions, is maximally covered by the device and the position of the
computed device is then presented.

According to a further example (also not shown), the user determines a primary
2D position in ecach of the at least two images. A corresponding range of location for each
position is computed for all other images. Further, a proposal for a refined corresponding
secondary 2D position in the other images, considering the determined primary 2D position in

the respective image, is provided to the user.
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For example, instead of an automatic refinement, the user may also determine a
respective secondary position in a corresponding range of location for the primary position in
all other images.

According to a further example, upon user interaction, at least one of the
positions is corrected, and upon the user action, the interventional device may be re-computed
and an updated visualization may be shown.

The position may be used for performing an interventional procedure.

For example, the position is used as a target location for placing a biopsy
needle. After placing the biopsy needle, the positioning is compared with the target location.
Further, the biopsy needle is re-positioned based on the comparison for the positioning with
the target location.

Further combinations of the features described in relation with Fig. 4 and the
features described in relation with one or more of the Figs. 5, 6 and/or 7 are provided.

A still further example shall be described in the following with reference to
Figs. 8A to 10B.

Fig. 8A shows a first image 300 acquired in a view at +15° as a first viewing
direction. Fig. 8B shows a second image 302, acquired in an angle of -15° degrees as a second
viewing direction. As can be seen in both images, the region of interest shows a first finding
304, and a second finding 306, representing a micro-calcification cluster.

For example, to assess the depth extension of structures and target them
optimally, a certain localization of the target structure is selected in one preferred view, e.g. a
single calcification for a calcification cluster. Fig. 9A shows the first and second image in form
of a small portion of the respective image each. Thus, Fig. 9A shows the calcification cluster
306 of the left image or first image 300, and calcification cluster of the second image 302.

Fig. 9B shows the selection by the user in the first image, indicated with an
arrow 308. A second arrow 310, shown in dotted line, indicates the correspondence in the
other view, as computed by the system.

Fig. 9C shows a first additional arrow 312 in the right image, indicating the
location of another part of the target structure as provided by the user. A second additional
arrow 314, again shown in a dotted manner, indicates the correspondence in the left image as
computed by the system. Further, although not further shown, additional correspondences can

be set.
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After setting the correspondences, the system determines the depth expansion
of the target, for example by providing a comparison with a depth indicator representing an
overlapping indicator of a device. This is indicated with a first depth expansion indicator 316
in Fig. 10A in the left image, and a second indicator 318 in the right image of Fig. 10A.

The overlapping indicator could be represented as relating to a certain biopsy
device, for example. Thus, depending on the cannula width and the opening length, a certain
volume could be extracted, which volume would be indicated for planning purposes. The
biopsy device may be pre-determined by an operator.

The overlapping indicator could also be represented as a target volume that is
definable by the operator, for example by adapting the frame on the screen until the desired
matching is achieved. Thus, a certain volume would be indicated that is meant to be extracted.
The system could then determine the matching biopsy device, or at least makes a proposal for
best matching of the target volume and different extraction volumes of different biopsy
needles.

In a next step, as shown in Fig. 10B, the depth expansion is transferred to a
needle placement visualization. A visualized biopsy needle 320 is shown with the respective
opening 322 for collecting a specimen. The depth expansion is provided in form of a rectangle
324 as depth information, in combination with the first arrow 308 and the first additional
arrow 312, which are representing the respectively selected target structures, which can be
also visible (for figure-drafting reasons, the target structure is not shown in Fig. 10B).

Thus, by the first type of indicators, i.e. in Fig. 10A, it is possible to review
what portion of the finding would be hit, and by the second type of indicator, i.e. in Fig. 10B,
it is possible to review which of the annotations would be within the opening of the biopsy
device.

In another example, instead of the rectangle, or cuboid, the depth expansion is
shown as an ellipsoid.

Fig. 11A shows a photographic illustration of the drawing of Fig. 8A, and
Fig. 11B is in accordance with Fig. 8B. Similar is the case for Figs. 9A to 9C which are shown
in a photographic representation in Figs. 12A to 12C, as well as Figs. 10A to 10B shown in a
photographic representation in Figs. 13A to 13B.

According to a further example, an interactive refinement for targeting in

stereotactic biopsy is provided.
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It is noted that targeting of suspicious region requires a good understanding of
the underlying three-dimensional object. However, from the stereo projections, it is often
cumbersome and hard for untrained users to capture and derive the 3D extent from the 2D
images only.

According to an embodiment, an improvement of the workflow is provided as

follows:
1) The user selects the target in one preferred view.
1) The system computes and visualizes the estimated correspondence in the other

views and the target depth view port, without presenting a needle placement.

1) The user locates the target in another different view.
v) The system computes a new set of correspondences and a new target location.
V) The user refines the correspondences according to the selected target depth by

reviewing the target depth visualization.
vi) The system presents an optimum needle placement maximizing the probability
to hit the selected target.

In another embodiment, the features are used in the following way to assess
depth extension of structures and target them optimally:
1) Selecting a certain localization of the target structure in one preferred view,
e.g. a single calcification for a calcification cluster or a certain border for a circumscribed
lesion.
1) The system computes and visualizes the correspondence in the other views and
the target visualization, without presenting a needle placement.
1) The user optionally refines the target according to steps iii) to v) of the above-
mentioned workflow.
1v) The user locates another part of the target structure in the same or a different
view, e.g. a different calcification or another border.
V) The system computes a new set of correspondences and a new target location.
vi) After setting several correspondences, the system determines the depth
expansion of the biopsy target and positions a new correspondence and a needle placement
maximizing the amount of target tissue within the biopsy.

According to a further example, the correspondences are generated
automatically in three views, with pixel to sub-pixel accuracy, only requiring the operator to

confirm the positions. To achieve this, a registration technique is applied, where only the
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cursor positions are registered without actually deforming the images. Because of the
calibrated epipolar geometry, the possible positions for each correspondence can be restricted
to a straight line and even to a certain fraction of this line due to the limited (and known)
depth of the region of interest, for example a breast, which makes this a better well-posed
problem.

According to a further embodiment, the operator selects the location of the
biopsy target in any of the three views (for example 15 degrees, 0 degrees, and plus 15
degrees). The user-interface then proposes corresponding locations in the remaining two
views. The operator confirms or corrects any of the positions. The user-interface then
computes a 3D target position for the operator’s input.

In an alternative embodiment, the user marks the biopsy target in all views.
Based on these imprecise initial indications, the system suggests refined corresponding
positions that the user has to either accept or reject.

According to a further embodiment, the algorithm retrieves a target provided
by the operator. Next, feature points are extracted around the target location. Alternatively, a
template matching approach can be applied. The search area is then restricted to the
corresponding epipolar line in the two remaining views. Within the search area, congruence
with the feature points of the original annotation is optimized. Where possible, grey value
information is used to perform a sub-pixel accurate alignment. Retrieved correspondences are
then cast to the user-interface for operator confirmation.

In another exemplary embodiment of the present invention, a computer
program or a computer program element 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.
Moreover, it may be adapted to operate the components of the above described apparatus.
The computing unit can be adapted to operate automatically and/or to execute the orders of a
user. A computer program may be loaded into a working memory of a data processor. The
data processor may thus be equipped to carry out the method of the invention.

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
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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 disclosure, and

the dependent claims.
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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 graphical user-interface (10) for providing positioning data of an object,
comprising:
- a display unit (12);

- an interface controller unit (14); and
- a user-interface unit (16);

wherein the display unit comprises at least two display portions (18) configured
to present at least two different images of an object from different directions with a known
geometric relation;

wherein the user-interface unit is configured for a determination of a first 2D
position in a first one of the at least two different images by interaction of a user;

wherein the interface controller unit is configured to compute a corresponding
range of location for the first position in at least a second one of the at least two different
images;

wherein the user-interface unit is configured for a determination of a second 2D
position in the corresponding range of location for the first position in at least a second one of
the at least two different images by interaction of a user; and

wherein the display input unit is further configured to indicate the first position
in the first image; and to indicate the range of location in the at least second image; and to

indicate the second position in the second image.

2. A system (30) for providing positioning data of an object, comprising:
- a data input unit (32);
- a processing unit (34);
- an interface unit (36); and
- a display unit (38);
wherein the data input unit is configured to provide image data of at least two
images of an object from different directions with a known geometric relation;

wherein the processing unit is configured to compute a corresponding range of
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location for a first position in at least a second one of the at least two different images;
wherein the display unit is configured to present the at least two different
images; to indicate the first position in the first image; and to indicate the range of location in
the at least second image; and to indicate the second position in the second image; and
wherein the interface unit is configured for an interaction of a user to determine
a first 2D position in a first one of the at least two different images; and to determine a second
2D position in the corresponding range of location for the first position in at least a second

one of the at least two different images.

3. System according to claim 2, wherein the interface unit is configured for an
interaction of a user to determine a primary 2D position in each of the at least two images;
wherein the processing unit is further configured to compute a corresponding
range of location for each position for all other images; and
wherein the processing unit is further configured to determine and provide a
proposal for a refined corresponding secondary 2D position in the other images considering

the determined primary 2D position in the respective image to the user.

4. An X-ray imaging arrangement (40), comprising:
- an X-ray source (42);
- an X-ray detector (44);
- a processing unit (46); and
- a graphical user-interface (10) according to claim 1; and/or a system (30) for
providing positioning data of an object according to claim 2 or 3;
wherein the X-ray source and the X-ray detector are configured to acquire the

X-ray images from at least two different directions with a known geometric relation.

5. X-ray imaging arrangement according to claim 4, further comprising a biopsy
device for performing a collection of a specimen from a suspicious location;

wherein upon determination of a spatial location, based on the user interaction
in the first image resulting in the first 2D position and in the second image, resulting in the
second position, the spatial location is provided to the biopsy device; and

wherein the biopsy device is configured to collect the specimen from the

determined spatial location.
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6. A method (100) for providing navigation data of an object, comprising the
following steps:

a) providing (112) image data of at least two images of an object from different
directions with a known geometric relation; and presenting (114) the at least two different
images;

b) determining (124) a first 2D position (122) in a first one of the at least two
different images by interaction of a user; and indicating (126) the first position in the first
image;

c) computing (134) a corresponding range of location (132) for the first position
in at least a second one of the at least two different images; and indicating (136) the range of
location in the at least second image;

d) determining (144) a second 2D position (142) in the corresponding range of
location for the first position in at least a second one of the at least two different images by

interaction of the user; and indicating (146) the second position in the second image.

7. Method according to claim 6, wherein the following steps are provided:
e) computing (154) a corresponding first location (152) for the second position in
the first one of the at least two different images; computing (158) a proposal (156) for a
correction of the determined first 2D position based on the computed corresponding first
location; and indicating (159) the proposal for the corrected first 2D position in the at least
first image;

) refining (162) at least one of the corresponding first and/or second 2D

positions in at least one of the at least two images by interaction of the user.

8. Method according to claim 6 or 7, wherein in step b) the determined 2D
position is a first part of a target structure; and wherein the following steps are provided:
g) determining (172) a further 2D position (174) of a second part of the target
structure in one of the at least two different images by interaction of a user; and indicating
(176) the further position in the first image;

h) computing (184) a corresponding first location (182) for the second position in
the first one of the at least two different images; computing (188) a proposal (186) for a

correction of the determined first 2D position based on the computed corresponding first
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location; and indicating (189) the proposal for the corrected first 2D position in the at least
first image; and

1) computing (192) the spatial extension of the target structure; and positioning
(194) a computed device maximizing a cover of the target structure extension by the

computed device.

9. Method according to claim 6, 7 or 8, wherein a spatial location is determined
based on the first 2D position and the at least second 2D position; and

wherein the spatial location is provided for further steps.

10. Method according to claim 6, 7, 8 or 9, wherein the range of location is

restricted to a line segment arranged inside an object.

11. Method according to claim 6, 7, 8, 9 or 10, wherein the user corrects (210) at
least one of the indicated positions in at least one of the images;

wherein the corrected position is used as a secondary input (212) upon which
the at least one corresponding position is re-computed (214); and

wherein updated positions are presented (216).

12. Method according to claim 6, 7, 8, 9, 10 or 11, wherein a preview of an
interventional device is computed and positioned such that the determined target defined by
the at least first and second positions is maximally covered by the device; and

wherein the position of the computed device is presented.

13. Method according to claim 6, 7, 8,9, 10, 11 or 12, wherein the user determines
a primary 2D position in each of the at least two images;

wherein a corresponding range of location for each position is computed for all
other images; and

wherein a proposal for a refined corresponding secondary 2D position in the
other images considering the determined primary 2D position in the respective image is

provided to the user.
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14. A computer program element for controlling an apparatus according to one of

the claims 1 to 5, which, when being executed by a processing unit, is adapted to perform the

method of one of the claims 6 to 13.

15. A computer readable medium having stored the program element of claim 14.
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