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Description
FIELD OF THE INVENTION

[0001] The present invention relates to an image
processing device for enhancing ultrasound images, to
amedicalimaging system, and to a method for enhancing
ultrasound images, as well as to a computer program
element and to a computer-readable medium.

BACKGROUND OF THE INVENTION

[0002] In medical examinations, such as endovascular
interventions, different types of medical imaging can be
used, for example the positioning of a mitral clip is per-
formed under fluoroscopic X-ray imaging and ultrasound
imaging for guidance purposes. The X-ray images are
used for visualizing tools, such as catheters, clips, or the
like, and also bone structures, whereas ultrasound im-
aging can be used for visualizing soft tissues. WO
2011/070492 A1 describes the combination of ultra-
sound image data and X-ray image data. An ultrasound
probe is detected in the X-ray image, and acquisition set-
tings of the ultrasound probe are visualized within the X-
ray image. It has been shown that ultrasound images
allow the visualization of soft tissues, which becomes
increasingly importantin the developing field of minimally
invasive interventions. However, it has also been shown
that providing fluoroscopic images and ultrasound imag-
es next to each other requires attention and awareness
of the user mentally combining the two different contents
shown in the respective images.

[0003] Naini et al. (IEEE Transactions on Biomedical
Engineering, 57(10), 2627-2630, 2010) discloses a CT-
enhanced ultrasound image of a totally deflated lung for
image-guided minimally invasive tumor ablative proce-
dures.

SUMMARY OF THE INVENTION

[0004] There may thus be a need to provide image
data showing the current situation, forexample inaregion
of interest of a patient, wherein the image data requires
reduced and minimum interpretation and combination
skill on the side of the user.

[0005] 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 image process-
ing device for enhancing ultrasound images, for medical
imaging system, and for the method for enhancing ultra-
sound images, as well as for the computer program ele-
ment and for the computer-readable medium.

[0006] According to a first aspect of the present inven-
tion, an image processing device for enhancing ultra-
sound images is provided according to claim 1.

[0007] The term "register" refers to providing a posi-
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tional or spatial relation between the X-ray image and
the ultrasound image.

[0008] According to a second aspect, a medical imag-
ing system is provided according to claim 4.

[0009] According to a third aspect, a method for en-
hancing ultrasound images is provided according to claim
9.

[0010] By selecting the predetermined image area in
the X-ray image, and by detecting the predetermined im-
age area in the ultrasound image based on the registra-
tion, itis possible to enhance an ultrasound image based
on information that is available in the X-ray image. Thus,
image content, or image information, of the X-ray image
is transferred to the ultrasound image. This provides im-
age information that can be provided to the user, which
image information is presented in one image, thus facil-
itating the viewing and understanding process of the pro-
vided image information.

[0011] According to an exemplary embodiment, the
central processing unit is configured to project the se-
lected area into the ultrasound image, and to detect the
predetermined area in the ultrasound image based on
the projected area.

[0012] Inan example, the projection is a "back-projec-
tion". The X-ray image may be a projection of the 3D
world. In case of outlining an object in the X-ray image,
it is possible to use back-projection to refer to the largest
volume in 3D whose projection is that outline.

[0013] According to an exemplary embodiment, the
central processing unit is configured to detect at least
one target object in the X-ray image, for example an in-
terventional tool or device. The central processing unit
is further configured to detect the at least one target ob-
ject in the ultrasound image based on the registered tar-
get object. The central processing unit is further config-
ured to highlight an area of the detected target object in
the ultrasound image.

[0014] According to an exemplary embodiment, the
central processing unit is configured to register the se-
lected area as an outline, and to select objects in the
ultrasound image that fit into the projected outline.
[0015] The registration may be provided as projection
or back-projection.

[0016] Accordingto an exemplary embodiment, the ul-
trasound imaging device comprises a probe that is used
for acquiring the ultrasound image, and a registration unit
is provided, which is configured to register the ultrasound
probe in the X-ray image.

[0017] According to an exemplary embodiment, the X-
ray imaging device and the ultrasound imaging device
are configured to acquire the images simultaneously.
[0018] According to an exemplary embodiment, the ul-
trasound image device is configured to a first sequence
of ultrasound images, and the X-ray imaging device is
configured to acquire a second sequence of X-ray imag-
es.

[0019] For example, the central processing unitis con-
figured to detect the predetermined image area in one of
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the X-ray images and to track the predetermined image
area in the other X-ray images. Further, the central
processing unit is configured to register the first se-
quence of ultrasound images with the second sequence
of X-ray images. The central processing unit is further
configured to detect the predetermined image area in the
first sequence of ultrasound images based on the regis-
tered selective predetermined image area. Further, the
central processing unit is configured to highlight the area
of the detected predetermined image area in the first se-
quence of ultrasound images.

[0020] According to an aspect, the present invention
proposes to boost an image by improving the visualiza-
tion of ultrasound images or ultrasound 3D volumes.
Such a boosting may be obtained by enhancing, for ex-
ample colorizing, target objects, such as catheters, pros-
thesis, clips or the like, which can easily be detected and
tracked in a fluoroscopy. Alternatively such a boosting
may be obtained by outlining these target objects. As
mentioned above, for example in case of endovascular
interventions, X-ray images, such as fluoroscopicimages
allow a good visualization of endovascular tools, but it
does not allow a visualization of soft tissue (without the
use of contrast agent) or a 3D visualization. Ultrasound
allows a 2D or 3D visualization including soft tissues.
However the contrast between tools and soft tissues is
very low. Further, in two-dimensional ultrasound images,
only a part of a tool may be visible. Therefore the inter-
pretation of such image is not straight forward. The
present invention proposes to perform the detection, or
the selection, of target objects, or other predetermined
image area in fluoroscopic images, in which they are
properly contrasted. Further, the target objects may be
tracked in the X-ray images. Based on a registration, for
example a live registration, of ultrasound images and X-
ray images, the target objects, or predetermined image
areas can be detected in the ultrasound image, and the
target objects can be enhanced in the ultrasound images,
for example by colorizing them. It must be noted that the
X-ray image data is only used to detect in the ultrasound
images target objects or predetermined image area
whose detection could be very challenging otherwise.
Indeed the high contrast of interventional tools in X-ray
images makes easier their detection and tracking. Even
if in ultrasound images they are poorly contrasted (with
respect to soft tissues), their detection is facilitated by
the position and shape priors that arise from the X-Ray
detection and that are based on the registration of the
two image modalities. Instead of combining the two im-
ages, the transfer from the X-ray image to the ultrasound
image is provided for detection and/or positioning pur-
poses only. However, the transfer of the positioning data
from the X-ray image to the ultrasound image is adding
further information to the ultrasound image, which infor-
mation can not be retrieved from the original ultrasound
image itself.

[0021] These and other aspects of the present inven-
tion will become apparent from and be elucidated with
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reference to the embodiments described hereinafter.
BRIEF DESCRIPTION OF THE DRAWINGS

[0022] Exemplary embodiments of the invention willbe
described in the following with reference to the following
drawings:

Fig. 1 shows an example of an image processing
device in a schematic setup;

Fig. 2 shows an example of a medical imaging sys-
tem with an ultrasound imaging device and an X-ray
imaging device;

Fig. 3 shows an example of basic steps of a method
for enhancing ultrasound images;

Fig. 4 shows a further example of a method for en-
hancing ultrasound images;

Fig. 5 shows a further example of a method for en-
hancing ultrasound images;

Fig. 6 shows an example of a boosted ultrasound
image as a 2D echogram in Fig. 6a and as a 3D
echogram in Fig. 6b as a line drawing; and

Fig. 7 shows photographic images of Fig. 6, i.e. Fig.
7a shows the content of Fig. 6a, and Fig. 7b shows
the content of Fig. 6b.

DETAILED DESCRIPTION OF EMBODIMENTS

[0023] Fig. 1 shows animage processing device 10 for
enhancing ultrasound images, comprising an image data
input unit 12, a central processing unit 14, and a display
unit 16. The image data input unit 12 is configured to
provide an ultrasound image of a region of interest of an
object, and to provide an X-ray image of the region of
interest of the object.

[0024] The central processing unit 14 is configured to
select a predetermined image area in the X-ray image,
to register the ultrasound image and the X-ray image, to
detect the predetermined area in the ultrasound image
based on the registered selected predetermined image
area, and to highlight at least a part of the detected area
in the ultrasound image to generate a boosted ultrasound
image. The display unitis configured to provide the boost-
ed ultrasound image as guiding information on a display
area 18.

[0025] In a further example (not further shown), the
central processing unit is configured to project the se-
lected area into the ultrasound image, and to detect the
predetermined area in the ultrasound image based on
the projected area.

[0026] In a further example (also not further shown),
the central processing unit is configured to detect at least
one target object in the X-ray image, and to detect the at
least one target object in the ultrasound image, based
on the registered target object, and to highlight an area
of the detected target object in the ultrasound image.
[0027] Inan example, the central processing unit 14 is
configured to project the at least one detected target ob-
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ject into the ultrasound image, and to detect the at least
one target object in the ultrasound image based on the
projected target object.

[0028] In a further example (not shown in detail), the
central processing unit 14 is configured to register the
selected area as an outline, in 2D as well as in 3D, and
to select objects in the ultrasound image that fit into the
projected outline.

[0029] Fig. 2 shows a medical imaging system 100,
comprising an ultrasound imaging device 110, and an X-
ray imaging device 112. Further, an image processing
device 114 is provided, according to the example shown
in Fig. 1, or according to examples described above and
below. The ultrasound imaging device 110 is configured
to acquire and provide an ultrasound image of a region
of interest of an object, and the X-ray imaging device 112
is configured to acquire and provide an X-ray image of
the region of interest of the object.

[0030] For example, the ultrasound imaging device
110 comprises a transducer 116, which may be brought
into contact with an object 118. An interventional tool 119
may be present. In another example, instead of the tool,
another target object or other predetermined image area
are provided. For example, to bring the transducer 116
into contact with the object 118 can be done manually,
oralsoina motor-driven way. The, for example handheld,
transducer 116 is connected to an ultrasound imaging
base 120, which connection is indicated by a line 122,
but which can of course also be provided wireless. The
ultrasound imaging base 120 is connected to a central
processing unit 124, as indicated by connecting arrow
126. This may be a wire connection or a wireless con-
nection. The transducer 116 acquires ultrasound image
information of the region of interest of the object 118.
[0031] The X-ray imaging device 112 comprises an X-
ray source 128, and an X-ray detector 130. The X-ray
source 128 provides X-ray radiation 132 towards the de-
tector 130, thereby passing the object 118, in order to
provide X-ray image information. The X-ray imaging de-
vice 112 is connected to the central processing unit 124
by a connecting arrow 134. Once again, this schemati-
cally shown connection may be provided wireless or wire-
based.

[0032] For example, the X-ray imaging device 112 is
provided as a C-arm arrangement, where the X-ray
source 128 and the X-ray detector 130 are provided on
opposing ends of the a C-arm 136, which may be sup-
ported by a ceiling support 138, suspended from a ceiling
140. Of course, also other X-ray imaging device types
can be used, for example mounted to the floor, or mobile
X-ray imaging devices, for example mobile C-arm devic-
es, or other standing X-ray imaging devices with non-
movable X-ray source and X-ray detector.

[0033] The central processing unit 124 is thus formed
integrally with a not further shown image data input unit
to receive ultrasound images, or ultrasound image data
from the ultrasound imaging device 110 and X-ray imag-
es, or X-ray image data, from the X-ray imaging device
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112. The central processing unit 124 is further connected
to a display unit 142.

[0034] The central processing unit 124 has also been
described above in relation with Fig. 1, i.e. the central
processing unit has reference numbers 14 and 124.
Thus, it is referred to the above for the configuration of
the central processing unit 124 of Fig. 2. Similar applies
for the display unit, which is given the reference numeral
142 in Fig. 2 and reference numeral 16 in Fig. 1. Thus,
it is also referred to the description relating to Fig. 1 with
respect to the display unit. The object 118 may be a pa-
tient provided on an object support 144, for example a
patient table.

[0035] According to an example, as shown in Fig. 2,
but not meaning a necessary feature of Fig. 2, the ultra-
sound imaging device comprises a probe, for example
the transducer 116. The probe is used for acquiring the
ultrasound image. Further, a registration unit 144 is pro-
vided, for example integrated with the central processing
unit 124. However, the registration unit 144, also shown
in Fig. 2, does not mean that this is a necessary compo-
nent of the medical imaging system 100. The registration
unit 144 is provided and configured to register the ultra-
sound probe 116 in the X-ray image.

[0036] According to a further example, the X-ray im-
aging device 112 and the ultrasound imaging device 110
are configured to acquire the images simultaneously.
[0037] According to a further example (not further
shown in detail), the ultrasound image device 110 is con-
figured to acquire a first sequence of ultrasound images,
and the X-rayimaging device 112 is configured to acquire
a second sequence of X-ray images.

[0038] According to a further example, the imaging
processing device 114 is configured to perform the ex-
amples and methods as described below.

[0039] Fig. 3 shows a method 200 for enhancing ultra-
sound images, where the following steps are provided.
In a first provision step 210, an ultrasound image of a
region of interest of an object is provided. In a second
provision step 212, an X-ray image of the region of inter-
est of the object is provided. In a selecting step 214, a
predetermined image area is selected in the X-ray image.
Further, in a registration step 216, the ultrasound image
and the X-ray image are registered. Next, in a detection
step 218, the predetermined image area in the ultrasound
image is detected based on the selected predetermined
image area and on the registration. Finally, a highlighting
step 220 is provided, in which at least a part of the de-
tected predetermined image areain the ultrasound image
is highlighted to generate a boosted ultrasound image
222.

[0040] The first provision step 210 is also referred to
as step a), the second provision step 212 as step b), the
selecting step 214 as step c), the registration step 216
as step d), the detection step 218 as step e), and the
highlighting step 220 as step f).

[0041] The order of the steps, in particular of steps a),
b), and c), is not mandatory, except that the X-ray image
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and the ultrasound image are registered in step d) before
the selected area is detected in the ultrasound image in
step e).

[0042] In an example, between step d) and e), the fol-
lowing step is provided: d/e) projecting the selected area
into the ultrasound image, wherein in step e), the prede-
termined area is detected in the ultrasound image, based
on the projected area.

[0043] The ultrasound image data can be 2D image
data or 3D image data.

[0044] According to a further example (not shown in
detail), step ¢) comprises detecting at least one target
object in the X-ray image. In other words, the predeter-
mined image area is a target object, such as an interven-
tional device or other objects inside a patient. Step d)
comprises registering at least one detected target object
in the ultrasound image. Thus, the target position infor-
mation achieved from the X-ray image is transferred by
aregistration to the ultrasound image. Step e) comprises
detecting the at least one target object in the ultrasound
image based on the target image area in X-ray and on
the registration. Step f) comprises highlighting a part of
an area of the detected target object in the ultrasound
image. In relation with the term "registered target object",
it is noted that the outline in X-ray is done in projective
geometry whereas the US is in the 3D world. Based on
the outline in X-ray it is possible to define some prior, but
it's not possible to get directly a 3D object.

[0045] In an example, step d/e) comprises projecting
the at least one detected target object into the ultrasound
image, wherein step e) comprises detecting the at least
one target object in the ultrasound image based on the
projected target object.

[0046] According to a further example (not further
shown in detail), the predetermined image area is an in-
terventional tool, which is detected and tracked automat-
ically for the selecting step in step c).

[0047] In an example, a step g) is provided, in which
the boosted ultrasound image is provided as guiding in-
formation on a display.

[0048] In a further example, in step d), the selected
area is projected as an outline, and in step e), objects
are selected in the ultrasound image that fit into the pro-
jected outline.

[0049] In one example, the images provided in step a)
and b) are acquired simultaneously, as already indicated
above.

[0050] The predeterminedimage area, ortarget object,
may be an interventional tool, such as a catheter, pros-
thesis, clip, and the like. For example, the generated
boosted ultrasound image may be a tool-boosted ultra-
sound image. The highlighting may be provided as color-
izing the detected area in the ultrasound image to differ-
entiate predetermined image areas and other structures.
[0051] For example registering in step d), an ultra-
sound probe used for acquiring the ultrasound image is
registered in the X-ray image.

[0052] The projecting step is provided as a back-pro-
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jection.

[0053] Fig. 4 shows a further example, wherein in step
a), a first sequence of ultrasound images 224 of the re-
gion of interest is provided in a first provision step 226.
In step b), a second sequence of X-ray images 228 of
the region of interest is provided in a second provision
step 230. In step c), the predetermined image area is
detected in a detection step 232 in one of the X-ray im-
ages and tracked in the other X-ray images. In step d),
a registration step 234 is provided, where the first se-
quence of ultrasound images is registered with the sec-
ond sequence of X-ray images. In step e), the predeter-
mined image area is detected in the first sequence of
ultrasound images based in a detection step 236, based
on the registered selected predetermined image area.
Further, in stepf), the area of the detected predetermined
image area is highlighted in a highlighting step 238 in the
first sequence of ultrasound images.

[0054] Inoneexample,instepc),the atleastonetarget
object is detected in one of the X-ray images and tracked
in the other X-ray images. In step e), the target object is
detected in the first sequence of ultrasound images
based on the registered selected predetermined image
area, and in step f), the at least one target object is de-
tected in the first sequence of ultrasound images, and in
step g), the area of the detected target object is highlight-
ed in the first sequence of ultrasound images.

[0055] In another example, in step e), the target object
is projected in the first sequence of the ultrasound imag-
es, and in stepf), the at least one target object is detected
in the first sequence of ultrasound images.

[0056] The X-ray image may be provided as fluoro-
scopic image data. In one example, the target objects
are automatically detected. In another example, the tar-
get objects are manually detected.

[0057] In a further example, a method for operating an
image processing apparatus is provided, wherein image
data processing steps of the preceding examples are pro-
vided.

[0058] Fig. 5 shows a further example of a method,
where fluoroscopic image(s) 240 is (are) provided in a
first provision step 242. Further, for example simultane-
ously, ultrasound image(s) 244 is (are) provided in a sec-
ond provision step 246. Next, in a detection step 248,
target objects in the X-ray image(s) 240 are detected and
tracked. Next, aregistration step 250 is provided, in which
the ultrasound image(s) 244 and the fluoroscopic im-
age(s) 240 are registered. An arrow 252 indicates the
connecting of the two image worlds by the registration
250. The information from the registration 250, together
with the result from the detecting and tracking step 248
is then used in a back-projection step 254. The latter is
then used in a detection step 256, in which the target
objects are detected within the ultrasound image(s), pro-
vided from the second provision step 246, which provi-
sion of the ultrasound image data is indicated with an
arrow 258. Upon the detection step 256, an enhancement
of the ultrasound image is provided, for example by com-
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puting a colorized ultrasound image in a computation
step 260.

[0059] For example, if the target object(s) is an en-
dovascular interventional device, or other device, also
referred to as a tool, a boosted ultrasound image 262 is
provided as guiding information, for example on a display
area of the display unit. Thus, a boosting of tools in ul-
trasound images is provided, based on the detection in
fluoroscopic images.

[0060] For example, the fluoroscopic image data 240
and the ultrasound image data 244 are acquired in a si-
multaneous performance, and both live streams are
available. In the detection/tracking of the target object in
the X-ray image, the target objects are either manually
selected or automatically detected in one X-ray frame. It
is possible to select all radio-opaque objects, or just one
target object, such as a clip. Then, the position of the
selected objects is tracked in the next frames. In the reg-
istration step, the ultrasound acquisition and the X-ray
acquisition are registered. This task may be achieved by
registering the ultrasound probe when it is visible in the
fluoroscopic image. In the back-projection, the outline of
detected objects (in X-ray frames) is back-projected, for
example, onto the 2D ultrasound images or within the 3D
ultrasound volumes. Inthe 2D case, itis possible to obtain
also 2D outlines where the target objects can be (if it lies
in the ultrasound plane). In the 3D case, it is possible to
obtain beams along the outline. In the detection 256 of
the target objects within the ultrasound image, it is pro-
vided to select in the ultrasound image objects that fit
into the back-projected outlines, for example. In the com-
putation step 260, colorizing ultrasound image data, the
ultrasound image is colorized to differentiate the target
objects in the other structures, such as soft tissues. In-
stead of colorizing, other means of highlighting or em-
phasizing the respective areas are provided. Other ded-
icated renderings are also possible, for instance acting
on the transparency in 3D image data.

[0061] Fig. 6 shows an example of a boosted ultra-
sound image 300 as a 2D echogram 310 in Fig. 6a and
as a 3D echogram 320 in Fig. 6b.

[0062] InFig. 6a anechogram illustration 312 is shown
with a highlighted area 314, for example relating to a
region of a device, wherein the device has been detected
in an X-ray image as described above. The highlighted
area may be coloured or contrast enhanced etc.

[0063] InFig.6b anechogram illustration 322 is shown
with a highlighted area 324, for example relating to a
region of a device, wherein the device has been detected
in an X-ray image as described above. The highlighted
area may be coloured or contrast enhanced etc.

[0064] Fig. 7 shows a respective photographic illustra-
tion of Fig. 6, i.e. Fig. 7a shows the content of Fig. 6a,
and Fig. 7b shows the content of Fig. 6b. Thus, same
reference numerals are used.

[0065] A computer program or a computer program el-
ement is provided that is characterized by being adapted
to execute the method steps of the method according to
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one of the preceding embodiments, on an appropriate
system.

[0066] The computer program elementmighttherefore
be stored on a computer unit, which might also be part
of an embodiment of the presentinvention. This comput-
ing unitmay be adapted to perform orinduce 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.

[0067] This exemplary embodiment of the invention
covers both, a computer program that right from the be-
ginning 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.

[0068] 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.

[0069] According to a further exemplary embodiment
of the present invention, a computer readable medium,
such as a CD-ROM, is presented wherein the computer
readable medium has a computer program element
stored on it which computer program element is de-
scribed by the preceding section.

[0070] A computer program may be stored and/or dis-
tributed on a suitable medium, such as an optical storage
medium or a solid state medium supplied together with
or as part of other hardware, but may also be distributed
in other forms, such as via the internet or other wired or
wireless telecommunication systems.

[0071] However, the computer program may also be
presented over a network like the World Wide Web and
can be downloaded into the working memory of a data
processor from such a network. According to a further
exemplary embodiment of the present invention, a me-
dium for making a computer program element available
for downloading is provided, which computer program
element is arranged to perform a method according to
one of the previously described embodiments of the in-
vention.

Claims

1. An image processing device (10) for enhancing ul-
trasound images, comprising:

- an image data input unit (12);

- a central processing unit (14); and

- a display unit (16);

wherein the image data input unit is configured
to provide an ultrasound image of a region of
interest of an object; and to provide an X-ray
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image of the region of interest of the object;
wherein the central processing unitis configured
to select at least one target object in the X-ray
image; to register the ultrasound image and the
X-ray image; to detect the at least one target
objectin the ultrasound image based on the reg-
istration; and to generate a boosted ultrasound
image in which at least an area of the detected
target objectin the ultrasound image is highlight-
ed; and

wherein the display unit is configured to provide
the boosted ultrasound image as guiding infor-
mation on a display area (18).

Image processing device according to claim 1,
wherein the central processing unit is configured to
project the selected area into the ultrasound image;
and to detect the predetermined area in the ultra-
sound image based on the projected area.

Image processing device according to claim 1 or 2,
wherein the central processing unit is configured to
project the selected area as an outline; and to select
objects in the ultrasound image that fit into the pro-
jected outline.

A medical imaging system (100), comprising:

- an ultrasound imaging device (110);

- an X-ray imaging device (112); and

- an image processing device (114);

wherein the image processing device is provid-
ed according to one of the preceding claims;
wherein the ultrasound imaging device is con-
figured to acquire and provide an ultrasound im-
age of a region of interest of an object; and
wherein the X-ray imaging device is configured
to acquire and provide an X-ray image of the
region of interest of the object.

System according to claim 4, wherein the ultrasound
imaging device comprises a probe (116) that is used
for acquiring the ultrasound image; and

wherein a registration unit (114) is provided, which
is configured to register the ultrasound probe in the
X-ray image.

System according to claim 4 or 5, wherein the X-ray
imaging device and the ultrasound imaging device
are configured to acquire the images simultaneous-

ly.

System according to claim 4, 5 or 6, wherein the
ultrasound imaging device is configured to acquire
afirst sequence of ultrasound images; and the X-ray
imaging device is configured to acquire a second
sequence of X-ray images.
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8.

10.

1.

12.

System according to any one of claims 4-7, further
comprising an interventional tool or device, wherein
the target object corresponds to said interventional
tool or device.

A computer-implemeted method (200) for enhancing
ultrasound images, comprising the following steps:

a) providing (210) an ultrasound image of a re-
gion of interest of an object;

b) providing (212) an X-ray image of the region
of interest of the object;

c) selecting (214) at least one target object in
the X-ray image;

d) registering (216) the ultrasound image and
the X-ray image;

e) detecting (218) the at least one target object
in the ultrasound image based on the registra-
tion; and

f) highlighting (220) at least an area of the de-
tected target object in the ultrasound image
thereby generating a boosted ultrasound image.

Method according to claim 9, wherein the predeter-
mined image area is an interventional tool, which is
detected and tracked automatically for the selecting
in step c).

Method according to claim 9 or 10, wherein in step
d), the selected area is projected as an outline; and
wherein in step e), objects are selected in the ultra-
sound image that fit into the projected outline.

Method according to one of the claims 9to 11, where-
in:

in step a), a first sequence of ultrasound images
(224) of the region of interest is provided (226);
in step b), a second sequence of X-ray images
(228) of the region of interest is provided (230);
in step c), the at least one target object is de-
tected (232) in one of the X-ray images and
tracked in the other X-ray images;

in step d), the first sequence of ultrasound im-
ages is registered (234) with the second se-
quence of X-ray images;

in step e), the at least one target object is de-
tected (236) in the first sequence of ultrasound
images based on the registration; and

in step f), the at least one target object is high-
lighted (238) in the first sequence of ultrasound
images.

13. A computer program element for controlling an im-

age processing device according to one of the claims
1 to 3 or a medical imaging system according to any
one of claims 4 to 8, which, when being executed by
a processing unit, is adapted to perform the method
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steps of any one of claims 9 to 12.

14. A computer readable medium having stored the pro-

gram element of claim 13.

Patentanspriiche

Bildverarbeitungsvorrichtung (10) zum Verbessern
von Ultraschallbildern, umfassend:

- eine Bilddaten-Eingabeeinheit (12);

- eine zentrale Verarbeitungseinheit (14); und

- eine Anzeigeeinheit (16);

wobei die Bilddaten-Eingabeeinheit konfiguriert
ist, um ein Ultraschallbild eines Bereichs von In-
teresse eines Objekts bereitzustellen; und um
ein Réntgenbild des Bereichs von Interesse des
Objekts bereitzustellen;

wobei die zentrale Verarbeitungseinheit konfi-
guriert ist, um mindestens ein Zielobjekt in dem
Roéntgenbild auszuwéhlen; das Ultraschallbild
und das Réntgenbild zu registrieren; das min-
destens eine Zielobjekt in dem Ultraschallbild
basierend auf der Registrierung zu erfassen;
und ein verstarktes Ultraschallbild zu erzeugen,
in dem mindestens ein Bereich des erfassten
Zielobjektes in dem Ultraschallbild hervorgeho-
ben ist; und

wobei die Anzeigeeinheit konfiguriertist,um das
verstarkte Ultraschallbild als Anleitungsinforma-
tionen auf einem Anzeigebereich (18) bereitzu-
stellen.

Bildverarbeitungsvorrichtung nach Anspruch 1, wo-
bei die zentrale Verarbeitungseinheit konfiguriert ist,
um den ausgewahlten Bereich in das Ultraschallbild
zu projizieren; und um den vorbestimmten Bereich
in dem Ultraschallbild basierend auf dem projizierten
Bereich zu erfassen.

Bildverarbeitungsvorrichtung nach Anspruch 1 oder
2, wobei die zentrale Verarbeitungseinheit konfigu-
riertist, um den ausgewahlten Bereich als einen Um-
riss zu projizieren; und um Objekte in dem Ultra-
schallbild auszuwahlen, die in den projizierten Um-
riss passen.

Medizinisches Bildgebungssystem (100), umfas-
send:

- eine
(110);

- eine Ro&ntgenstrahl-Bildgebungsvorrichtung
(112); und

- eine Bildverarbeitungsvorrichtung (114);
wobei die Bildverarbeitungsvorrichtung nach ei-
nem der vorstehenden Anspriiche bereitgestellt

Ultraschall-Bildgebungsvorrichtung
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ist;

wobei die Ultraschall-Bildgebungsvorrichtung
konfiguriert ist, um ein Ultraschallbild eines Be-
reichs von Interesse eines Objekts zu erfassen
und bereitzustellen; und

wobei die R&ntgenstrahl-Bildgebungsvorrich-
tung konfiguriertist, um ein Réntgenbild des Be-
reichs von Interesse des Objekts zu erfassen
und bereitzustellen.

System nach Anspruch 4, wobei die Ultraschall-Bild-
gebungsvorrichtung eine Sonde (116) umfasst, die
zum Erfassen des Ultraschallbildes verwendet wird;
und

wobei eine Registrierungseinheit (114) bereitgestellt
ist, die konfiguriert ist, um die Ultraschallsonde in
dem Rontgenbild zu registrieren.

System nach Anspruch 4 oder 5, wobei die Rént-
genstrahl-Bildgebungsvorrichtung und die Ultra-
schall-Bildgebungsvorrichtung konfiguriert sind, um
die Bilder gleichzeitig zu erfassen.

System nach Anspruch 4, 5 oder 6, wobei die Ultra-
schall-Bildgebungsvorrichtung konfiguriert ist, um
eine erste Folge von Ultraschallbildern zu erfassen;
und die Rontgenstrahl-Bildgebungsvorrichtung kon-
figuriert ist, um eine zweite Folge von Rdéntgenbil-
dern zu erfassen.

System nach einem der Anspriiche 4-7, weiter um-
fassend ein interventionelles Werkzeug oder eine in-
terventionelle Vorrichtung, wobei das Zielobjekt dem
interventionellen Werkzeug oder der interventionel-
len Vorrichtung entspricht.

Computerimplementiertes Verfahren (200) zum Ver-
bessern von Ultraschallbildern, umfassend die fol-
genden Schritte:

a) Bereitstellen (210) eines Ultraschallbildes ei-
nes Bereichs von Interesse eines Objekts;

b) Bereitstellen (212) eines Réntgenbildes des
Bereichs von Interesse des Objekts;

c) Auswahlen (214) mindestens eines Zielob-
jekts in dem Roéntgenbild;

d) Registrieren (216) des Ultraschallbildes und
des Rontgenbildes;

e) Erkennen (218) des mindestens einen Ziel-
objekts in dem Ultraschallbild basierend auf der
Registrierung; und

f) Hervorheben (220) mindestens eines Be-
reichs des erfassten Zielobjekts in dem Ultra-
schallbild und dadurch Erzeugen eines verstark-
ten Ultraschallbildes.

10. Verfahrennach Anspruch 9, wobeider vorbestimmte

Bildbereich ein interventionelles Werkzeug ist, das
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zum Auswahlen in Schritt ¢) erfasst und automatisch
nachverfolgt wird.

Verfahren nach Anspruch 9 oder 10, wobei in Schritt
d) der ausgewahlte Bereich als ein Umriss projiziert
wird; und wobei in Schritt e) Objekte in dem Ultra-
schallbild ausgewahlt werden, die in den projizierten
Umriss passen.

Verfahren nach einem der Anspriiche 9 bis 11, wo-
bei:

in Schritt a) eine erste Folge von Ultraschallbil-
dern (224) des Bereichs von Interesse bereitge-
stellt wird (226);

in Schritt b) eine zweite Folge von Rdéntgenbil-
dern (228) des Bereichs von Interesse bereitge-
stellt wird (230);

in Schritt ¢) das mindestens eine Zielobjekt in
einem der Rontgenbilder erfasst wird (232) und
in den anderen Roéntgenbildern nachverfolgt
wird;

in Schritt d) die erste Folge von Ultraschallbil-
dern mit der zweiten Folge von Rdntgenbildern
registriert wird (234);

in Schritt ) das mindestens eine Zielobjekt in
der ersten Folge von Ultraschallbildern basie-
rend auf der Registrierung erfasst wird (236);
und

in Schritt f) das mindestens eine Zielobjekt in
der ersten Folge von Ultraschallbildern hervor-
gehoben wird (238).

Computerprogrammelement zum Steuern einer
Bildverarbeitungsvorrichtung nach einem der An-
spriiche 1 bis 3 oder ein medizinisches Bildgebungs-
system nach einem der Anspriiche 4 bis 8, das beim
Ausfuhren durch eine Verarbeitungseinheit dazu
ausgelegtist, die Verfahrensschritte nach einem der
Anspriche 9 bis 12 durchzuflihren.

Computerlesbares Medium, das darauf das Pro-
grammelement nach Anspruch 13 gespeichert hat.

Revendications

1.

Dispositif de traitement d’'image (10) pour retoucher
des images a ultrasons, comprenant :

- une unité d’entrée de données d'image (12) ;
- une unité centrale de traitement (14) ; et

- une unité d’affichage (16) ;

dans lequel l'unité d’entrée de données d'image
est configurée pour fournir une image a ultra-
sons d’une région d’intérét d’un objet ; et pour
fournir une image a rayons X de la région d’in-
térét de l'objet ;
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dans lequel I'unité centrale de traitement est
configurée pour sélectionner au moins un objet
cible dans I'image a rayons X ; pour enregistrer
I'image a ultrasons et 'image a rayons X ; pour
détecter 'au moins un objet cible dans I'image
a ultrasons sur la base de I'enregistrement ; et
pour générer une image a ultrasons améliorée
dans laquelle au moins une zone de I'objet cible
détecté dans I'image a ultrasons est mis en
évidence ; et

dans lequel 'unité d’affichage est configurée
pour fournir I'image a ultrasons améliorée com-
me informations de guidage sur une zone d’af-
fichage (18).

Dispositif de traitement d’'image selon la revendica-
tion 1, dans lequel I'unité centrale de traitement est
configurée pour projeter la zone sélectionnée sur
I'image a ultrasons ; et pour détecter la zone prédé-
terminée dans 'image a ultrasons sur la base de la
zone projetée.

Dispositif de traitement d’'image selon la revendica-
tion 1 ou 2, dans lequel I'unité centrale de traitement
est configurée pour projeter la zone sélectionnée
comme un contour ; et pour sélectionner des objets
dans I'image a ultrasons qui rentrent dans le contour
projeté.

Systéme d’imagerie médicale (100), comprenant :

- un dispositif d’imagerie a ultrasons (110) ;

- un dispositif d’imagerie a rayons X (112) ; et
- un dispositif de traitement d’image (114) ;
dans lequel le dispositif de traitement d’image
est fourni selon I'une quelconque des revendi-
cations précédentes ;

dans lequel le dispositif d'imagerie a ultrasons
est configuré pour obtenir et fournir une image
a ultrasons d’une région d’intérét d’un objet ; et
dans lequel le dispositif d'imagerie a rayons X
est configuré pour obtenir et fournir une image
a rayons X de la région d’'intérét de I'objet.

Systéme selon la revendication 4, dans lequel le dis-
positif d’imagerie a ultrasons comprend une sonde
(116) qui est utilisée pour obtenir I'image a
ultrasons ; et

dans lequel une unité d’enregistrement (114) est
fournie, qui est configurée pour enregistrer la sonde
a ultrasons dans I'image a rayons X.

Systéme selon la revendication 4 ou 5, dans lequel
le dispositif d'imagerie a rayons X et le dispositif
d’'imagerie a ultrasons sont configurés pour obtenir
les images simultanément.

Systéme selon larevendication 4, 5 ou 6, dans lequel
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le dispositif d'imagerie a ultrasons est configuré pour
obtenir une premiére séquence d’images a
ultrasons ; et le dispositif d'imagerie a rayons X est
configuré pour obtenir une deuxiéme séquence
d’'images a rayons X.

Systeme selon I'une quelconque des revendications
4-7, comprenant en outre un outil ou un dispositif
d’intervention, dans lequel I'objet cible correspond
audit outil ou dispositif d’intervention.

Procédé mis en oeuvre par ordinateur (200) pour
améliorer des images a ultrasons, comprenant les
étapes suivantes :

a) fournir (210) une image a ultrasons d’'une ré-
gion d’intérét d’un objet ;

b) fournir (212) une image a rayons X de la ré-
gion d’intérét de l'objet ;

c) sélectionner (214) au moins un objet cible
dans 'image a rayons X ;

d) enregistrer (216) 'image a ultrasons et I'ima-
ge arayons X ;

e) détecter (218) 'au moins un objet cible dans
limage a |ulirasons sur la base de
I'enregistrement ; et

f) mettre en évidence (220) au moins une zone
de I'objet cible détecté dans I'image a ultrasons
générant ainsi uneimage a ultrasons améliorée.

Procédé selon la revendication 9, dans lequel la zo-
ne d'image prédéterminée est un outil d’intervention,
qui est détecté et suivi automatiquement pour la sé-
lection a I'étape c).

Procédé selon la revendication 9 ou 10, dans lequel
a I'étape d), la zone sélectionnée est projetée com-
me un contour ; et dans lequel a I'étape e), des objets
sont sélectionnés dans I'image a ultrasons qui ren-
trent dans le contour projeté.

Procédé selon I'une quelconque des revendications
9 a 11, dans lequel :

a I'étape a), une premiére séquence d’'images
a ultrasons (224) de la région d’intérét est four-
nie (226) ;

a I'étape b), une deuxiéme séquence d’'images
arayons X (228) de larégion d’intérét est fournie
(230) ;

al’étape c), 'au moins un objet cible est détecté
(232) dans I'une des images a rayons X et suivi
dans les autres images a rayons X ;

a I'étape d), la premiere séquence d’images a
ultrasons est enregistrée (234) avec la deuxie-
me séquence d’images a rayons X ;

alétape e), 'au moins un objet cible est détecté
(236) dans la premiére séquence d’'images a ul-
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trasons sur la base de I'enregistrement ; et

a I'étape f), I'au moins un objet cible est mis en
évidence (238) dans la premiére séquence
d’'images a ultrasons.

Elément de programme informatique pour comman-
der un dispositif de traitement d’image selon l'une
quelconque des revendications 1 a 3 ou un systéme
d’'imagerie médicale selon I'une quelconque des re-
vendications 4 a 8, qui, lorsqu’il est exécuté par une
unité de traitement, est adapté pour exécuter les éta-
pes du procédé selon 'une quelconque des reven-
dications 9 a 12.

Support lisible par ordinateur ayant stocké I'élément
de programme selon la revendication 13.
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