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Description

FIELD OF THE INVENTION

[0001] The invention relates to an apparatus for visu-
alizing image material in a multimodal imaging environ-
ment, to a method of visualizing image material in a mul-
timodal imaging environment, to an imaging system, to
a computer readable medium, and to a computer pro-
gram product.

BACKGROUND OF THE INVENTION

[0002] One of the challenges of image-guided medical,
in particular surgical, procedures is to efficiently use the
information provided by the many imaging techniques
the patient may have been through before and during the
intervention.
[0003] For example, in cardiology, physicians often
have access to real-time X-ray images acquired by a C-
arm. These images have a very good spatial and tem-
poral accuracy thus enabling to follow precisely the pro-
gression of even thin catheters and other interventional
tools. However, soft-tissues are barely visible in these
images, and furthermore, these images are projections
which do not give a direct access to the volumetric ge-
ometry of the intervention scene. To gain access to this
important information also, a solution consists in using a
second imaging modality which is both 3D and able to
image soft-tissues.
[0004] One possible choice for this second imaging
system is 3D ultrasound imaging. The advantage of this
modality is that it can be used in real-time during the
surgical procedure. In cardiological procedure, trans-es-
ophageal probes can be navigated right next to the heart,
producing real-time volumetric images with anatomical
details that are hardly visible with standard transthoracic
ultrasound.
[0005] A typical intervention is percutaneous valve re-
pair (PVR) such as mitral clipping where the simultane-
ous involvement of X-ray and ultrasound has been found
helpful to monitor the placement of the tool/endoprosthe-
sis with respect to the soft-tissue anatomy.
[0006] It has been found however that the the usual
way of displaying both ultrasound and X-ray real-time
streams, such as in Applicant’s US WO 2011/070492,
are at times not intuitive enough for the operator to readily
understand the spatial relationship between the two mo-
dalities when carrying out the intervention, oftentimes un-
der great stress US20122962021 discloses a method
and system for registering ultrasound images and phys-
iological models to x-ray fluoroscopy images.

SUMMARY OF THE INVENTION

[0007] There may therefore be a need for an alternative
system for visualization of both, an ultrasound and an X-
ray image.

[0008] The object of the present invention is solved by
the subject matter of the independent claims where fur-
ther embodiments are incorporated in the dependent
claims. It should be noted that the following described
aspect of the invention equally applies to the method of
visualizing image material in a multimodal imaging envi-
ronment, to the imaging system, to the computer program
element and to the computer readable medium.
[0009] According to a first aspect of the invention there
is provided an apparatus for visualizing image material
in a multimodal imaging environment.
[0010] The apparatus comprises:

• an input port for receiving i) an ultrasound image
data set acquired of an object by an ultrasound probe
and, ii) an X-ray image of the object acquired by an
X-ray imager detector in a plane at a projection di-
rection through exposure of the object to radiation
emanating from the X-ray imager’s X-ray source;

• a registration unit configured to register the ultra-
sound image data set in a common coordinate frame
for both, the X-ray imager and the ultrasound probe;

• a graphics display generator configured to generate
on a screen a graphics display of a 3D scene at a
user selectable view that affords, in the common co-
ordinate frame for both, the X-ray imager and the
ultrasound probe, a representation of i) a 3D projec-
tion of the ultrasound image data set(at the user se-
lectable view), and ii) a perspective 3D view on the
X-ray image in the detector plane, said perspective
3D view corresponding to the X-ray projection direc-
tion (defined, for example, by a position in space of
X-ray imager’s X-ray source) and the user selected
view, the generator configured to update the 3D
scene according and in response to a user selected
second view on the 3D scene.

[0011] In other words, according to one embodiment,
the apparatus operates to effect a modeling of the 3D
scene that is based on the two images, the ultrasound
image data set and the x-ray frame, and on geometrical
information corresponding to both acquisition means,
and to a registration transform computed from the pair
of images that spatially "links" both acquisition means.
This results in the graphics display affording to the human
observer a single and natural glimpse of the spatial re-
lationship between the two modalities.
[0012] The apparatus operates very much unlike pre-
vious multimodal image viewers, where the images are
merely shown in a multi-pane window, one pane for each
modality so that the spatial relationship between the im-
aging modalities would not present itself naturally to the
user.
[0013] The user selected view can be thought of as a
"camera" in 3D space that operates to capture the com-
bined scene formed by the two imaging modalities in 3D
space. The view is defined by i) a position in the common
frame of reference, ii) a viewing direction with a viewing
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orientation, and iii) a solid angle extending from said po-
sition along said direction. The second view may result
from the previous view through modifications such as
translation, rotation or (de-)magnification or a combina-
tion of those modifications as requested by the user. The
user selected view on the 3D scene affords said view in
particular on the ultrasound image data set and the x-ray
frame in its plane.
[0014] According to one embodiment the generator is
configured to generate, responsive to a de-magnification
request, a zoomed-out version of the 3D scene so as to
accommodate a length of the imager’s SID (Source to
Image-receptor Distance) in that version of the 3D scene,
with a visual marker indicating a position of the X-ray
source relative to the X-ray image in the detector plane
at the user selected view on the 3D scene, in particular
on the X-ray frame in its plane and on the ultrasound
volume.
[0015] In other words, upon choosing the right scaling,
the combined scene is modeled into the graphics display,
so includes the X-ray source position, the 3D rendering
of the ultrasound image set under the selected view, and
the corresponding X-ray plane, seen in perspective, on
which plane the 2D X-ray image is projected and possibly
warped because of perspective distortion. The user can
visually grasp at once the overall arrangement in 3D
space of the two modalities with their respective imaging
geometry.
[0016] According to one embodiment the generator is
configured to generate, responsive to a user designating
a point of interest in the X-ray image, a line of sight ex-
tending from said point of interest across the ultrasound
image data in the selected view on the 3D scene and
extending to the position of the X-ray source. The gen-
erator is operative to generate a marker to visually des-
ignate a corresponding point on the line and where said
line intersects the ultrasound image data in the selected
view on the 3D scene.
[0017] According to one embodiment the generator is
configured to generate, responsive to a user designating
a point of interest in the ultrasound image data set in the
selected view on the 3D scene, a line of sight extending
from said point of interest to the position of the X-ray
source and extending to a corresponding point in the X-
ray image and on the line where said line interests the
X-ray image. The generator is operative to generate a
marker to visually designate the corresponding point in
the X-ray image.
[0018] Said lines of sight arise geometrically by con-
necting the location of the X-ray source with the point in
the X-ray image (representative of the detector plane)
that is the projection (according to a current X-ray acqui-
sition geometry) of the point in the ultrasound image data.
[0019] In one embodiment, the apparatus affords the
further functionality of allowing the user to manually ad-
just the position the marker along the line and in the ul-
trasound image data set. In one embodiment, an auto-
matic adjustment algorithm is used instead based on the

similarity of image contents (in the X-ray image and the
ultrasound image data) in respective neighborhoods of
the respective markers.
[0020] Anatomical landmarks or medical devices
(catheter or guide-wires) can be so designated by the
user and then tracked in one or two modalities, with the
line of sight naturally linking both designations of the
same object/point within the 3D scene. The points of in-
terest may also be automatically detected by statistical
inference.
[0021] According to one embodiment the ultrasound
image is one in a stream of ultrasound image data sets
and wherein the X-ray image is one in a stream of X-ray
images, the two image streams registered in the common
frame of reference, the generator comprising a tracker
to track the point of interest over time in the X-ray image
stream or in the ultrasound image data set stream, the
generator configured to re-generate the corresponding
point in the selected view on the respective ultrasound
image data set in the stream or in the respective X-ray
image in the stream, and to adapt the line of sight in
responsive to a change in position of the X-ray source or
of the ultrasound probe.
[0022] According to one embodiment the graphics dis-
play is an interactive one and is configured to receive the
user selected first or second view or the de-magnification
request. In particular and according to one embodiment
the screen is a touch-screen and the user selection of
the view including de-magnification request is by a man-
ual touch or swipe action on the screen. According to
another embodiment the user selection of the view in-
cluding the de-magnification request is by actuating a
key on a keyboard or by actuating a pointer tool, the key-
board or the pointer tool communicatively coupled to the
apparatus.
[0023] The ultrasound image data set as envisaged
herein is acquired by a 3D ultrasound equipment so forms
a 3D image volume. However the apparatus may also
be used with a 2D ultrasound imager where a sequence
of 2D slices is produced instead. The 3D scene is then
formed by fusing the two 2D images (the X-ray projection
image and the 2D ultrasound slice) in their respective
image planes into a 3D perspective view with possibly
one or both of the 2D images warped due to perspective
distortion.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] Exemplary embodiments of the invention will
now be described with reference to the following draw-
ings wherein:

Figure 1 shows a multimodal imaging arrangement
for image-guided support of an intervention;
Figure 2 is a schematic close-up of the imaging ge-
ometry in the arrangement of Figure 1;
Figure 3 is a schematic representation of a graphical
user interface;
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Figure 4 is a further schematic representation of the
graphical user interface;
Figure 5 is a flow chart for a method of visualizing
multimodal image material.

DETAILED DESCRIPTION OF EMBODIMENTS

[0025] With reference to Figure 1 there is shown an
arrangement for multimodal image-guided support of
minimal invasive interventions such as mitral clipping.
[0026] Broadly, said arrangement comprises an X-ray
imager 100, an examination table TBL and ultrasound
imaging equipment USD. Specifically, the arrangement
allows acquiring images from both, the ultrasound imager
and the X-ray imager. As will be explained below in more
detail, the two image streams are combined in a manner
so as to harness as user desired the most suitably one
of the two streams for relevant anatomic information.
[0027] During the intervention a patient PAT is dis-
posed on examination table TBL. A medical device such
as a guidewire GW is introduced through an entry point
into the patient’s body and the interventional radiologist
faces the challenge of navigating said guide-wire through
the complex maze of patient’s vasculature to arrive at a
lesioned site. An example for such an intervention that
relies on multimodal imaging support is mitral valve clip-
ping, a cardiac intervention. The guidewire GW is thread-
ed by the interventional radiologist ("operator") through
the cardiac vasculature from an entry point (eg, patient’s
PAT femoral vein) all the way up to the mitral valve. A
clip is fed through the catheter to grasp and to tighten
the valves’ leaflets to so prevent blood from leaking. In
mitral valve clipping it is therefore imperative to not only
know the position or location of the catheter/guidewire
GE tip but also the position of the valve’s leaflet as it
oscillates during cardiac activity. This is where the mul-
timodality comes into play: whereas the X-ray fluoroscop-
ic images are capable of recording the guidewire or "foot-
print" (image portion representative of the projection
view) thanks to the guidewire/guide catheters GW’s ra-
diation opacity, the cardiac soft tissue (such as the valve
leaflet) is only visible in the ultrasound image but not (or
barely so) in the X-ray image for lack of such radiation
opacity.
[0028] The X-ray imager is of the C-arm type and al-
lows acquiring X-ray projection images from the patient
at the region of interest at different projection directions
p. However imager constructions other than C-arm are
also envisaged herein. As indicated in Figure 1, the im-
aging geometry such as the position of the C-arm CA
can be changed relative to the patient to so effect the
different projection directions p. In the embodiment, C-
arm CA carries at one of its ends a detector D and at the
other, opposing, end a collimator X-ray tube assembly.
The imaginary line of sight extending between the X-ray
tube XR and the detector will be referred to herein as the
"SID line" whose length is an imaging parameter often
referred to as the SID (Source to Image-receptor Dis-

tance).
[0029] The collimator COL collimates X-ray beam as
emitted by X-ray source XR. The C-arm CA is rotatable
around its center by sliding in clockwise or counterclock-
wise orientation in a cradle CR having a suitable ball-
bearing and a rail arrangement. In other embodiments,
the imager’s geometry enjoys more degrees of freedom.
For example, the entire c-arm CA is shiftable in a plane
X,Y defined by the table TBL’s edges. This can be
achieved by an overhead carriage that is slidable in X,Y
direction and that includes a suspension arm that carries
cradle CR and C-arm CA. Overall control of the operation
of the X-ray imager is via a console CON that provides
manual control means such as pedal or joystick or that
can be programmed to run a protocol for the acquisition
of an X-ray image stream XFt.
[0030] Ultrasound imaging equipment USD includes
an ultrasound probe USP that is positionable in any de-
sired position or orientation u relative to patient PAT. In
one embodiment, the probe USP is introduced into the
patient PAT. The probe USP is configured to transmit
ultrasound pulse waves which are bouncing off structures
in the patient’s anatomy. The probe is further configured
to register the bounced off waves as incoming echo
sound waves and a processor in the equipment calcu-
lates the travel time of said incoming echo waves to form
a 3D ultrasound image data volume at the instant prop-
agation direction u at a specific time instant t. During the
intervention, the propagation direction u is likely to
change a number of times so that ultrasound equipment
USD outputs a sequence of 3D volumes USVt. An ex-
ample of a 3D ultrasound equipment is Applicant’s US
7,141,020.
[0031] The two image data streams, that is, the fluor-
oscopic X-ray image frames XF ("fluoros") and the ultra-
sound volumes USV, are then forwarded to an apparatus
A to image-process said images or sequence of images
to form a graphical user interface GUI which is then ren-
dered for view on a screen M. Operation of apparatus A
will be described in more detail below.
[0032] The propagation direction u and the projection
direction p are part of the ultrasound or X-ray imaging
geometry, respectively. Both geometries can be spatially
related to each other (and to patient PAT) by a common
frame of reference X,Y,Z. As can be seen in Figure 1, an
example of a common frame of reference is defined by
the plane X,Y of the examination table TBL and a direc-
tion z that is perpendicular to said plane. However it will
be understood by those schooled in the art, that other
definitions for a common frame of reference for both mo-
dalities can likewise be employed in the present teaching.
[0033] With reference to Figure 2, a more detailed view
of the three-dimensional geometry in respect of the im-
aging modalities is shown.
[0034] The depiction of the situation in Figure 2 is to
be understood as a snapshot at a certain time instant t.
At said time instant t, guidewire GW is at a certain position
which can be defined by the positioning in space of guide-
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wire’s tip TP. A relatively small area round said tip defines
a neighborhood as indicated in the Figure by the area
inside the dashed circle. In other words, a position of the
guidewire GW’s tip TP at a time instant t defines an in-
stantaneous region of interest ROI that changes as the
guidewire GW is made to advance or made to "curl" dur-
ing the course of the intervention.
[0035] At time instant t an X-ray frame XF (of stream
XFt) is acquired as shown in Figure 2 at projection direc-
tion p. In other words, an X-ray beam passes through
said instantaneous region of interest and forms an image
in the detector plane D which is then recorded by detector
cells as the fluoroscopic X-ray frame XF at said time in-
stant t. The detector cells are arranged in a local co-
ordinate system defined by the detector D surface plane
indicated in Figure 2 by X’, Y’. As shown in Figure 2 and
owing to, in general, an oblique position of the C-arm CA,
the detector D’s image plane X’,Y’,Z’ is rotated relative
to the common reference frame defined by the table TBL
plane X,Y,Z and the two frames of reference are related
via an orthogonal transformation. An instantaneous field
of view of ultrasound of probe USP has in general a frusto-
conical shape as indicated in Figure 2. In other words,
the frusto-conic volume is the volume insonified, at time
instant t, by the probe when placed in propagation direc-
tion u. The local frame of reference of the ultrasound
probe USP acquisition geometry is shown as X", Y", Z".
The US equipment USD as envisaged herein allows ac-
quiring the instant 3D volume USV at direction u at a
single probe position so no movement of the probe by
hand or otherwise is needed for any given 3D volume
USV. However, use of other, more traditional scanners
are also envisaged herein where the 3D volume is re-
constructed after insonification of the volume of interest
from many different propagation direction that are each
obtained by moving by hand or otherwise the scanner so
as to sweep out the volume.
[0036] The respective local frame of reference of each
imaging modality (X-ray and ultrasound) can be related
by an orthogonal transformation to the common frame of
reference. The spatial relationship between the imager’s
C-arm CA (and hence the X-ray source/detector D’s
plane) and the common frame of reference is known. The
spatial link between the ultrasound probe USP’s local
frame and the local frame of reference of detector D on
C-arm CA is gotten in one embodiment by a registration
to thereby establish the link between ultrasound probe
USP and the common frame of reference of the table’s
TBL plane. In other words, the orthogonal transformation
is estimated in one embodiment by said registration as
will be explained in more detail below.
[0037] View UV designates a "camera" or user selecta-
ble view on the combined 3D scene of the C-arm geom-
etry (X ray source and detector plane D) and the US
volume USV. The view UV is defined by a position P in
space relative to the common frame (and hence defining
a distance to the C-arm geometry), by a solid angle Ω
specifying the width of the user’s field of view, and by

specifying the viewing direction d and orientation. Said
viewing orientation can defined by a vector orthogonal
to the viewing direction d to so define the concepts of
"up"/down" or "left/right" for the view on the 3D scene
Broadly, apparatus A as proposed herein operates to
fuse the two image streams into a graphics display GUI
to form a 3D scene that affords to the viewer perceiving
the perspective relationship in 3D space between the two
imaging modalities. An image of one stream acquired at
an instant is registered in space along the common ref-
erence frame and so is an image of the other stream
acquired at substantially the same instant so as to form
a sequence of acquisition time synchronized multimodal
pairs of registered images. In this manner the two
streams are registered in the common frame of refer-
ence.
[0038] The overall 3D scene is then rendered based
on a user request for a view UV (P, Ω, d) along a specified
direction d on the 3D scene at a time instant. The US
volume along view UV is then fused with the X-ray image
frame XF in the stream XFt that is synchronized with the
current US volume USV. In the fused image the view UV
on the X-ray image is precisely the user selected view
UV on the ultrasound volume USV. In other words, the
detector D plane with the respective X-ray image XF will
appear in general to the human viewer under perspective
distortion. In yet other words, the X-ray image, usually
displayed by a conventional visualizer in plan-view where
it assumes a square or rectangular shape, will be dis-
played instead in a warped fashion so will in general ap-
pear as a trapezoid. The prospective distortion corre-
sponds to the spatial relationship between the selected
view UV on the US volume relative to the projection di-
rection p. If the user further specifies a (de-) magnification
or zoom level that affords a sufficiently broad view, the
entire length of X-ray imager’s SID line is displayed in
3D space with a marker indicating the position of the X-
ray source XR relative to the detector plane, the later
represented by the X-ray image warped due to perspec-
tive distortion.
[0039] Figures 3 and 4 afford schematic depictions at
different user selected views UV on the 3D ultrasound
volume and the X-ray image plane in different (de-)mag-
nifications.
[0040] With reference to Figure 3A there is shown a
graphical user interface GUI including the fused image
formed from the X-ray XF and the selected view USS on
the 3D US volume USV. In Figure 3A the direction d of
the selected view direction UV (on the 3D scene, in par-
ticular on the ultrasound volume USV) is essentially
aligned with the projection direction, so viewing direction
d and projection direction p run essentially parallel. In
other words, the 3D scene represented on the GUI con-
fers to the user the impression as if he or she is viewing
the volume USV along the imager’s SID line and onto
the detector plane where the X-ray image has been
formed.
[0041] In the view UV of Figure 3B a different viewing
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direction d has been chosen by the user and the user
has further specified a de-magnification parameter to ar-
rive at the view of Figure 3B by rotation of and zooming-
out from the view of as of Figure 3A. Figure 3A confers
to the user the impression of viewing "laterally" the SID
line of the imager as defined by the distance between
marker XRM for the X-ray source XR and the detector
image plane represented by the X-ray image XF. In one
embodiment, said X-ray source marker XRM is cone-
shaped. The user chosen view UV in Figure 3B imparts
a perspective distortion on X-ray image XF as evidenced
by having the image plane (and with it the X-ray image
XF) warped into a trapezoid. The amount of distortion is
shown for clarity by the dashed lines that indicate the
rectangular image area as it would appear had there been
no distortion as in Figure 3A.
[0042] In Figure 3A, the guide-wire’s footprint GWF can
be seen better in the X-ray image XF but the view on the
guidewire in the ultrasound image volume USV view is
obstructed. This is unlike in the rotated view in Figure 3B
(see also Figure 4B for a close-up) that now reveals the
corresponding structure of the guide-wire tip in the ultra-
sound image volume USV also, now looked at from a
different view compared to the plan view of Figure 3A. In
Figure 3B the ultrasound volume view chosen by the
viewer is roughly at 40° (measured in a reference plane)
relative to the projection direction p.
[0043] Figure 4A is similar to Figure 3B but now shows
a correspondence line of sight LS or projection line that
extends between a point P2 in the ultrasound volume
USV and a spatially corresponding point P1 in the X-ray
image XF plane. With further reference to Figure 4B
showing a close-up of Fug 4A, the line of sight arises
geometrically by connecting the location of the XR source
with the point P1 in X-ray image plane that is the projec-
tion of the point P2 in volume USV under the instant pro-
jection direction p (that is, under the current X-ray acqui-
sition geometry). For example, in the X-ray image the
user clicks by a pointer tool PT on a current position P1
of the guide-wire’s tip as indicated by the tip’s footprint.
Upon selection of said point, the line is rendered and
emerges in the GUI to connect the selected point P1 in
the XF image to a corresponding point P2 in the USV
volume. That is, the pair (P1, P2) of points corresponds
spatially under said projection p. Said projection line LS
can also be invoked the other way around, that is, by
designating, with the pointer tool, a point P2 in the ultra-
sound volume USV. The projection of said point in the
ultrasound volume USV is then projected, by using the
current acquisition geometry of the X-ray imager 100, in
P1 onto the current X-ray image XF. IN this embodiment,
said line LS runs through the ultrasound image and ex-
tends to the X-ray source position marker XRM
[0044] According to one embodiment, screen M is a
touch-screen and selection of said point is by touch action
so users tap on the screen’s surface with their finger to
define the point.
[0045] Figure 4B is obtained from the view of Figure

4A by applying a magnification request ("zoom-in") by
user input.
[0046] According to one embodiment it is envisaged
that initially, a default view on the US volume is selected
for example the aligned view as of Figure 3A. The user
can then change the view on the US volume as desired,
e.g., as of the view in Figure 3B.
[0047] In one embodiment, the graphics display further
includes an overlay graphic element that forms a sym-
bolic representation of the ultrasound probes USP field
of view. The graphic element may be formed as a frusto-
conic as shown systematically in Figure 2 and is prefer-
ably overlaid onto the X-ray frame FX portion of the
graphics display GUI.
[0048] In one embodiment, the GUI generation is in
real time so the graphics display in GUI is updated at
predefined time intervals as new pairs of synchronized
US volumes and X-ray frames are received. IN other
words the above described operation is repeated as the
apparatus cycles through the said synchronized pairs in
the two streams.
[0049] The line of sight LS can either be rendered
dashed (Figure 4A) or solid (Figure 4B) or in any other
desired pattern. Color coding may also be used to make
the line better stand out to the eye. For example, different
sections of the line may be colored differently to achieve
good contrast in all parts of the graphics display.
[0050] Operation of the apparatus to produce the
graphical user interfaces in Figures 3 and 4 is now ex-
plained in more detail.

Operation

[0051] The two streams are received at an input port
IN of apparatus A. According to one embodiment there
are dedicated input ports for each image stream or there
is a combined image receiving port that alternates to re-
ceive either a respective X-ray frame XFt or ultrasound
volume USVt.
[0052] As briefly mentioned above, apparatus includes
a synchronization module to synchronize the two image
streams. In other words to each X-ray frame XFt acquired
at a certain time t is associated herewith an ultrasound
volume USVt that is required at substantially the same
time t. Synchronization of the two frames can be achieved
for example by evaluating the time stamps that are at-
tached to each X-ray image frame and each US volume
USV. Each pair of so synchronized images is then spa-
tially registered onto the common frame of reference by
operation of a registration unit RU. According to one em-
bodiment registration unit RU operates by using the foot-
print of the ultrasound probe in the respective X-ray frame
XF and by using the geometry of the X-ray imager and
the known 3D shape, of the ultrasound probe. Such a
registration technique is described by Applicant’s WO
2011/070492. In other words, in this embodiment regis-
tration is used to estimate the above mentioned transfor-
mation that relates the local frame of references to the
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common frame of reference. The registration algorithm
assesses the position of the ultrasound probe USP in the
local coordinate system based on the projection USPF
of the probe (see Figure 3A) in the X-ray image XF.
[0053] In other embodiments registration is not or not
only image based and registration unit RU comprises a
plurality of sensors (e.g., electromagnetic sensors) to as-
sess said transformation, that is, the relative position of
the imaging modalities. In one embodiment, one or more
registration sensors are arranged at a-priori known po-
sitions on or around the examination table TBL or on the
patient PAT to sense the position of the probe and to so
provide the basis for the registration. The registration op-
eration results in the alignment of the both, the instant x-
ray frame XF and the instant ultrasound volume USV, in
the common frame of reference.
[0054] The apparatus also includes an event handler
(not shown) to intercept a request by the user for a desired
view UV on the instant US volume USV and, by exten-
sion, on the instant X-ray frame XF in its plane. The se-
lected view UV on the ultrasound volume USV and the
X-ray frame XF that corresponds to the time stamp of the
instant ultrasound volume USV is then rendered for dis-
play.
[0055] A graphics display generated GDP then fuses
the two images, that is, the instant USV view and the
instant X-ray frame XF, and produces a graphical user
interface including said view and forwards same for dis-
play on the screen M. A graphics processor then effects
and controls the displaying on the screen M.
[0056] According to one embodiment and as explained
earlier in relation to Figures 4 and 3, said graphical user
interface is interactive. In other words the graphical user
interface window responds to actions executed by pointer
tool PT such as a mouse or stylus or, in the case of a
touch screen embodiment of screen M, by the user’s fin-
ger touch carrying out touch and/or sweep action or ges-
tures whilst contacting said screen M. For example users
may move their finger across the screen to translate the
current view to a new view or trace out a circle in clock-
wise or counterclockwise orientation to rotate the current
view into a new view. In one embodiment a magnification
is invoked by spreading index finger and thumb apart
whilst in contact with the screen’s surface to effect a
zoom-in into the current 3D scene. Moving index finger
and thumb the opposite way, that is, towards each other,
invokes a de-magnification or zoom-out. However this is
merely one embodiment and graphics display generator
GDG may be programmed to interpret other suitable
touch interactions to modify the current view to effect a
translation, rotation or (de)-magnification.
[0057] Similar user interaction can be implemented in
the mouse or stylus embodiment to change the view on
the US volume by rotation, translation or de-magnifica-
tion. For example, graphics display generator GDG may
be programmed to interpret "click-and-drag" action to ef-
fect the change of view. For example, the user traces out
circular motion in clockwise or counterclockwise orienta-

tion around the currently shown US volume. The graphics
display generator responds concurrently by rendering
the different views and updating the perspective view on
the X-ray image XF as describe above. The translation
is effect by click-and-drag along the direction of the de-
sired translation. The different magnification or de-mag-
nification requests can be issued by using a scroll wheel
of the mouse PT. The user can then zoom in or out of
the image as desired.
[0058] Setting the markers on either the X-ray or the
US volume view can likewise be effected by mouse click
in one embodiment. Apparatus A’s event handler inter-
cepts those mouse clicks and uses the registration infor-
mation to render the line of sight to connect correspond-
ing points in the X-ray portion and the ultrasound image
portion. Invoking the line of sight LS can be effected by
either clicking on the X-ray image portion or by clicking
on the ultrasound image portion USS.
[0059] Although an offline mode of operation of appa-
ratus A is also envisaged, according to a preferred em-
bodiment apparatus A is configured to operate in real
time mode. In other words, the graphical user interface
as discussed herein is rendered for view as the two
streams are received and is updated for each time instant
throughout the respective streams. The user selected
designated point in either image portion is maintained
across the respective sequences and the line of sight is
updated correspondingly.
[0060] In other words during operation in real time
mode a line of sight will appear to move in accordance
with the motion of the X-ray source XR or the ultrasound
probe USV as recorded by consecutive image acquisi-
tions in the two image streams.
[0061] According to one embodiment the point of in-
terest can be identified automatically. For example, in
one embodiment, a tip portion of guidewire GW or similar
medical device that resides in the patient PAT whilst the
two imaging modalities acquire their respective image
streams is identified automatically across the X-ray im-
age stream using shape and brightness priors in a Baye-
sian statistical inference scheme. In this way, the tip por-
tions can be tracked across the X-ray stream and the
corresponding point in the US volume view USS are like-
wise visually designated (by overlaying a suitable sym-
bology such as a "cross-hair" symbol or similar or by
color-coding), with the line of sight connecting the pair of
points for each synchronized image pair. In other words,
in this embodiment there is identification and tracking
steps across each stream to identify and track anatomic
landmarks or tool GW tip position. Optical flow methods
may be used to achieve the tracking. When the line of
sight is then invoked for those points, the line of sight will
appear to the viewer to move in accordance with patient
movement. Said tracking step may also be applied to
manually by the user designated points of interest
through pointer tool or touch action.
[0062] In sum and to put it differently, in the apparatus
as proposed herein, images XF, USV from the X-ray im-
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ager 100 and the ultrasound imager USD are fused into
the interactive graphics display GUI to form the 3D scene,
where, alongside with the 3D rendering USS of the ultra-
sound volume USV, the X-ray projection plan XF is dis-
played in perspective within the very same 3D scene.
The rendering is according to the user selected view
which is changeable upon user interaction with the inter-
active graphics display GUI.
[0063] In Figure 5 a flow chart of a method for visual-
ization of image material in a multimodal environment is
shown.
[0064] At step S501 the X-ray image stream and the
ultrasound image stream is received.
[0065] At step S505 the two streams are registered
onto a common frame of reference for both imaging mo-
dalities. In embodiment, the two streams are synchro-
nized prior to registration.
[0066] At step S510 a user selected view on the ultra-
sound volume is received.
[0067] In step S515 a fused image for a graphical user
interface is generated that affords a 3D view on the US
image volume at a certain time instant at the selected
view and, concurrently, a perspective view on the X-ray
image under perspective distortion, that is, under per-
spective distortion of the X-ray detector plane.
[0068] At step S520 it is determined whether the next
frame or volume in the respective stream has been re-
ceived. If no new X-ray frame or US volume stream has
been received, the current view is maintained. If however
it is determined at step S520 that a new frame or volume
has been received, the previous steps are repeated so
as to update in real time the GUI representation on
screen.
[0069] In one embodiment, step S515 also includes
listening for a user request for a new view on the 3D
scene, in particular on the ultrasound image and on the
X-ray frame XF. If such a request is received the new
view is used instead of the current view for the previously
mentioned steps.
[0070] In one embodiment step S515 for generating
the graphical user interface also includes listening for a
request by the user to designate a point in either the X-
ray image or the 3D ultrasound image. If such a request
is received the corresponding point in the respective oth-
er image is determined and a line of sight is rendered for
view connecting the two points.
[0071] According to one embodiment step S515 of
generating the graphical user interface also includes lis-
tening for a magnification or de-magnification request.
Said magnification request defines the degree of zoom-
ing in or out into the current view.
[0072] If such a request is received it is determined
whether the magnification or de-magnification would af-
ford a view that accommodates the imager’s known SID
length, in particular whether the view would afford includ-
ing the properly scaled distance to the position of the X-
ray source XR.
[0073] If it is determined that this is the case, a marker

is displayed in perspective view representing the X-ray
image source position relative to the X-ray image plane.
If user so requests, a line of sight is rendered and dis-
played between two corresponding points with said line
extending to the marker of the X-ray source.
[0074] In another exemplary embodiment of the
present invention, a computer program or a computer
program element is provided that is characterized by be-
ing adapted to execute the method steps of the method
according to one of the preceding embodiments, on an
appropriate system.
[0075] 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 comput-
ing 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.
[0076] 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.
[0077] Further on, the computer program element
might be able to provide all necessary steps to fulfill the
procedure of an exemplary embodiment of the method
as described above.
[0078] 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.
[0079] 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.
[0080] 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.
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Claims

1. An apparatus for visualizing image material in a mul-
timodal imaging environment, comprising:

an input port (IN) for receiving

i) an ultrasound image data set (USV) ac-
quired of an object by an ultrasound probe
(USP) and,
ii) an X-ray image (XF) of the object ac-
quired by an X-ray imager (100) detector
(D) in a plane at a projection direction
through exposure of the object to radiation
emanating from the X-ray imager (100)’s X-
ray source (XR);

a registration unit (RU) configured to register the
ultrasound image data (USV) set in a common
frame of reference for both, the X-ray imager
(100) and the ultrasound probe (USP);
a graphics display generator (GDG) configured
to generate on a screen (M) a graphics display
(GUI) of a 3D scene at a user selectable view
that affords, in the common coordinate frame for
both, the X-ray imager (100) and the ultrasound
probe (USP), a representation of:

i) a 3D projection of the ultrasound image
data set (USV), and
ii) a perspective 3D view on the X-ray image
in the detector (D) plane, said perspective
3D view corresponding to the X-ray projec-
tion direction and the user selected view,
the generator configured to update the 3D
scene according and in response to a user
selected second view on the 3D scene.

2. Apparatus of claim 1, wherein the generator (GDG)
is configured to generate, responsive to a de-mag-
nification request, a zoomed-out version of the 3D
scene so as to accommodate a length of the imager’s
SID, with a visual marker indicating a position of the
X-ray source (XR) relative to the X-ray image in the
detector plane at the user selected view on the ul-
trasound image data set.

3. Apparatus of claim 2, wherein the generator (GDG)
is configured to generate, responsive to a user des-
ignating a point of interest in the X-ray image (XF),
a line of sight extending from said point of interest
across the ultrasound image data set (USV) in the
selected view on the 3D scene and to the position
of the X-ray source (XR), the generator (GDG) op-
erative to generate a marker to visually designate a
corresponding point on the line and where said line
intersects the ultrasound image data (USV) in the
selected view on the 3D scene.

4. Apparatus of claim 2, wherein the generator is con-
figured to generate, responsive to a user designating
a point of interest in the ultrasound image data set
in the selected view on the 3D scene, a line of sight
extending from said point of interest to the position
of the X-ray source and extending to a corresponding
point in the X-ray image and on said line where said
line interests the X-ray image, the generator opera-
tive to generate a marker to visually designate the
corresponding point in the X-ray image.

5. Apparatus of any one of claims 1-4, wherein the ul-
trasound image is one in a stream of ultrasound im-
age data sets and wherein the X-ray image is one in
a stream of X-ray images, the two image streams
registered in the common frame of reference, the
generator comprising a tracker (TR) to track the point
of interest over time in the X-ray image stream or in
the ultrasound image data set stream, the generator
configured to re-generate the corresponding point in
the selected view on the respective ultrasound image
data set in the stream or in the respective X-ray im-
age in the stream, and to adapt the line of sight in
response to a change in position of the X-ray source
(XR) or of the ultrasound probe (USP).

6. Apparatus of any one of claims 1-5, wherein the
graphics display (GUI) is an interactive one and con-
figured to receive the user selected first or second
view or the de-magnification request.

7. Apparatus of any one of claims 6, wherein the screen
is a touch-screen and wherein the user selection of
the view and/or of the de-magnification request is by
a manual touch or swipe action on the screen.

8. Apparatus of any one of claims 6, wherein the user
selection of the view and/or of the de-magnification
request is by actuating a key on a keyboard or by
actuating a pointer tool, the keyboard or the pointer
tool communicatively coupled to the apparatus.

9. Method of visualizing image material in a multimodal
imaging environment, comprising the steps of:

receiving (S501)

i) an ultrasound image data set (USV) ac-
quired of an object by an ultrasound probe
(USP) and,
ii) an X-ray image (XF) of the object ac-
quired by an X-ray imager (100) detector
(D) in a plane at a projection direction
through exposure of the object to radiation
emanating from the X-ray imager (100)’s X-
ray source(XR);

registering (S505) the ultrasound image data
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(USV) in a common frame of reference for both,
the X-ray imager (100) and the ultrasound probe
(USP);
generating (S515) on a screen (M) a graphics
display (GUI) of a 3D scene at a user selectable
view that affords, in the common coordinate
frame, a representation of

i) a 3D projection of the ultrasound image
data set (USV); and
ii) a perspective 3D view on the X-ray image
in the detector (D) plane, said perspective
3D view corresponding to the X-ray projec-
tion direction and the user selected view,
the generator configured to update the 3D
scene according and in response to a user
selected second view on the 3D scene.

10. Method of claim 9, comprising the step of:
responsive to a de-magnification request, generat-
ing a zoomed-out version of the 3D scene so as to
accommodate a length of the imager’s SID, with a
visual marker indicating a position of the X-ray
source relative to the X-ray image in the detector
plane at the user selected view on the ultrasound
image data set.

11. An imaging system comprising:

the X-ray imager (100) for acquiring the X-ray
image;
a second imaging modality for acquiring the ul-
trasound image data set;
an apparatus of any one of previous claims 1-8.

12. An imaging system of claim 11, wherein the second
imaging modality is a 3D ultra sound imager.

13. A computer program element for controlling an ap-
paratus according to any one of claims 1-8, which,
when being executed by a processing unit is adapted
to perform the method steps of claims 9-10.

14. A computer readable medium having stored thereon
the program element of claim 13.

Patentansprüche

1. Gerät zum Visualisieren von Bildmaterial in einer
multimodalen Bildgebungsumgebung, umfassend:

einen Eingangsport (IN), um Folgendes zu emp-
fangen:

i) einen Ultraschallbilddatensatz (USV) ei-
nes Objekts, erfasst von einer Ultraschall-
sonde (USP), und

ii) ein Röntgenbild (XF) des Objekts, erfasst
von einem Detektor (D) einer Röntgenbild-
gebungsvorrichtung (100) in einer Ebene in
einer Projektionsrichtung durch Aussetzen
des Objekts gegenüber Strahlung, die von
der Röntgenquelle (XR) der Röntgenbildge-
bungsvorrichtung (100) ausgeht;

eine Registrierungseinheit (RU), die konfiguriert
ist, um den Ultraschallbilddatensatz (USV) in ei-
nem gemeinsamen Referenzrahmen für sowohl
die Röntgenbildgebungsvorrichtung (100) als
auch die Ultraschallsonde (USP) zu registrieren;
einen Grafikanzeigegenerator (GDG), der kon-
figuriert ist, um auf einem Bildschirm (M) eine
Grafikanzeige (GUI) einer 3D-Szene in einer
vom Benutzer auswählbaren Ansicht zu gene-
rieren, die in dem gemeinsamen Koordinaten-
rahmen für sowohl die Röntgenbildgebungsvor-
richtung (100) als auch die Ultraschallsonde
(USP) eine Darstellung von Folgendem erlaubt:

i) einer 3D-Projektion des Ultraschallbildda-
tensatzes (USV) und
ii) einer perspektivischen 3D-Ansicht auf
dem Röntgenbild in der Detektor (D)-Ebe-
ne, wobei die perspektivische 3D-Ansicht
der Röntgenprojektionsrichtung und der
vom Benutzer ausgewählten Ansicht ent-
spricht, wobei der Generator konfiguriert ist,
um die 3D-Szene in Übereinstimmung mit
und in Reaktion auf eine vom Benutzer aus-
gewählte zweite Ansicht auf der 3D-Szene
zu aktualisieren.

2. Gerät nach Anspruch 1, wobei der Generator (GDG)
konfiguriert ist, um reagierend auf eine Verkleine-
rungsaufforderung eine herausgezoomte Version
der 3D-Szene zu generieren, um eine Länge der SID
der Bildgebungsvorrichtung aufzunehmen, wobei ei-
ne visuelle Markierung eine Position der Röntgen-
quelle (XR) relativ zu dem Röntgenbild in der Detek-
torebene in der vom Benutzer ausgewählten Ansicht
auf dem Ultraschallbilddatensatz angibt.

3. Gerät nach Anspruch 2, wobei der Generator (GDG)
konfiguriert ist, um reagierend auf einen Benutzer,
der einen Punkt von Interesse in dem Röntgenbild
(XF) bestimmt, eine Sichtlinie zu generieren, die sich
von dem Punkt von Interesse durch den Ultraschall-
bilddatensatz (USV) in der ausgewählten Ansicht auf
der 3D-Szene und zu der Position der Röntgenquelle
(XR) erstreckt, wobei der Generator (GDG) betriebs-
bereit ist, um eine Markierung zu generieren, um ei-
nen entsprechenden Punkt auf der Linie visuell zu
bestimmen, und wo die Linie die Ultraschallbilddaten
(USV) in der ausgewählten Ansicht auf der 3D-Sze-
ne schneidet.
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4. Gerät nach Anspruch 2, wobei der Generator konfi-
guriert ist, um reagierend auf einen Benutzer, der
einen Punkt von Interesse in dem Ultraschallbildda-
tensatz in der ausgewählten Ansicht auf der 3D-Sze-
ne bestimmt, eine Sichtlinie zu generieren, die sich
von dem Punkt von Interesse zu der Position der
Röntgenquelle erstreckt und sich zu einem entspre-
chenden Punkt in dem Röntgenbild und auf der Linie,
wo die Linie das Röntgenbild schneidet, erstreckt,
wobei der Generator betriebsbereit ist, um eine Mar-
kierung zu generieren, um den entsprechenden
Punkt in dem Röntgenbild visuell zu bestimmen.

5. Gerät nach einem der Ansprüche 1-4, wobei das Ul-
traschallbild eines in einem Strom von Ultraschall-
bilddatensätzen ist und wobei das Röntgenbild eines
in einem Strom von Röntgenbildern ist, wobei die
beiden Bildströme in dem gemeinsamen Referenz-
rahmen registriert sind, wobei der Generator eine
Rückverfolgungsvorrichtung (TR) umfasst, um den
Punkt von Interesse im Laufe der Zeit im dem Rönt-
genbildstrom oder in dem Ultraschallbilddatensatz-
strom rückzuverfolgen, wobei der Generator konfi-
guriert ist, um den entsprechenden Punkt in der aus-
gewählten Ansicht auf dem jeweiligen Ultraschall-
bilddatensatz in dem Strom oder in dem jeweiligen
Röntgenbild in dem Strom neu zu generieren und
die Sichtlinie in Reaktion auf eine Veränderung der
Position der Röntgenquelle (XR) oder der Ultra-
schallsonde (USP) anzupassen.

6. Gerät nach einem der Ansprüche 1-5, wobei die Gra-
fikanzeige (GUI) eine interaktive ist und konfiguriert
ist, um die vom Benutzer ausgewählte erste oder
zweite Ansicht oder die Verkleinerungsaufforderung
zu empfangen.

7. Gerät nach Anspruch 6, wobei der Bildschirm ein
Touchscreen ist und wobei die Benutzerauswahl der
Ansicht und/oder der Verkleinerungsaufforderung
durch eine manuelle Berührung oder eine Wischbe-
wegung auf dem Bildschirm erfolgt.

8. Gerät nach Anspruch 6, wobei die Benutzerauswahl
der Ansicht und/oder der Verkleinerungsaufforde-
rung durch Betätigen einer Taste auf einer Tastatur
oder durch Betätigen eines Zeigertools erfolgt, wo-
bei die Tastatur oder das Zeigertool kommunikativ
mit dem Gerät gekoppelt ist.

9. Verfahren zum Visualisieren von Bildmaterial in ei-
ner multimodalen Bildgebungsumgebung, das die
folgenden Schritt umfasst:

Empfangen (S501) von Folgendem:

i) einem Ultraschallbilddatensatz (USV) ei-
nes Objekts, erfasst von einer Ultraschall-

sonde (USP), und
ii) einem Röntgenbild (XF) des Objekts, er-
fasst von einem Detektor (D) einer Rönt-
genbildgebungsvorrichtung (100) in einer
Ebene in einer Projektionsrichtung durch
Aussetzen des Objekts gegenüber Strah-
lung, die von der Röntgenquelle (XR) der
Röntgenbildgebungsvorrichtung (100) aus-
geht;

Registrieren (S505) der Ultraschallbilddaten
(USV) in einem gemeinsamen Referenzrahmen
für sowohl die Röntgenbildgebungsvorrichtung
(100) als auch die Ultraschallsonde (USP);
Generieren (S515), auf einem Bildschirm (M),
einer Grafikanzeige (GUI) einer 3D-Szene in ei-
ner vom Benutzer auswählbaren Ansicht, die in
dem gemeinsamen Koordinatenrahmen eine
Darstellung von Folgendem erlaubt:

i) einer 3D-Projektion des Ultraschallbildda-
tensatzes (USV); und
ii) einer perspektivischen 3D-Ansicht auf
dem Röntgenbild in der Detektor (D)-Ebe-
ne, wobei die perspektivische 3D-Ansicht
der Röntgenprojektionsrichtung und der
vom Benutzer ausgewählten Ansicht ent-
spricht, wobei der Generator konfiguriert ist,
um die 3D-Szene in Übereinstimmung mit
und in Reaktion auf eine vom Benutzer aus-
gewählte zweite Ansicht auf der 3D-Szene
zu aktualisieren.

10. Verfahren nach Anspruch 9, das den folgenden
Schritt umfasst:
reagierend auf eine Verkleinerungsaufforderung
Generieren einer herausgezoomten Version der 3D-
Szene, um eine Länge der SID der Bildgebungsvor-
richtung aufzunehmen, wobei eine visuelle Markie-
rung eine Position der Röntgenquelle relativ zu dem
Röntgenbild in der Detektorebene in der vom Benut-
zer ausgewählten Ansicht auf dem Ultraschallbild-
datensatz angibt.

11. Bildgebungssystem, umfassend:

die Röntgenbildgebungsvorrichtung (100) zum
Erfassen des Röntgenbildes;
eine zweite Bildgebungsmodalität zum Erfas-
sen des Ultraschallbilddatensatzes;
ein Gerät nach einem der vorstehenden Ansprü-
che 1-8.

12. Bildgebungssystem nach Anspruch 11, wobei die
zweite Bildgebungsmodalität eine 3D-Ultraschall-
bildgebungsvorrichtung ist.

13. Computerprogrammelement zum Steuern eines Ge-
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räts nach einem der Ansprüche 1-8, das bei Ausfüh-
rung durch eine Verarbeitungseinheit angepasst ist,
um die Verfahrensschritte nach den Ansprüchen
9-10 durchzuführen.

14. Computerlesbares Medium, auf dem das Program-
melement nach Anspruch 13 gespeichert ist.

Revendications

1. Appareil pour visualiser un matériau d’image dans
un environnement d’imagerie multimodal,
comprenant :

un port d’entrée (IN) pour recevoir

i) un ensemble de données d’image ultra-
sonore (USV) acquis d’un objet par une son-
de ultrasonore (USP) et,
ii) une image de rayons x (XF) de l’objet
acquise par un détecteur (D) de dispositif
d’imagerie à rayons X (100) dans un plan
au niveau d’une direction de projection par
exposition de l’objet à un rayonnement
émanant de la source de rayons X (XR) du
dispositif d’imagerie à rayons X (100) ;

une unité d’enregistrement (RU) configurée
pour enregistrer les données d’image ultraso-
nore (USV) définies dans un cadre de référence
commun à la fois pour le dispositif d’imagerie à
rayons X (100) et la sonde ultrasonore (USP) ;
un générateur d’affichage graphique (GDG)
configuré pour générer sur un écran (M) un af-
fichage graphique (GUI) d’une scène 3D dans
une vue sélectionnable par l’utilisateur qui per-
met, dans le cadre de coordonnées commun
pour à la fois le dispositif d’imagerie à rayons X
(100) et la sonde ultrasonore (USP), une
représentation :

i) une projection 3D de l’ensemble de don-
nées d’image ultrasonore (USV), et
ii) une vue en perspective 3D sur l’image de
rayons X dans le plan du détecteur (D), la-
dite vue en perspective 3D correspondant
à la direction de projection de rayons X et
la vue sélectionnée par un utilisateur, le gé-
nérateur étant configuré pour mettre à jour
la scène 3D en fonction et en réponse à une
seconde vue sélectionnée par un utilisateur
sur la scène 3D.

2. Appareil selon la revendication 1, dans lequel le gé-
nérateur (GDG) est configuré pour générer, en ré-
ponse à une demande de réduction de grossisse-
ment, une version dézoomée de la scène 3D afin

d’accepter une longueur du SID de dispositif d’ima-
gerie, avec un marqueur visuel indiquant une posi-
tion de la source de rayons X (XR) par rapport à
l’image de rayons X dans le plan de détecteur au
niveau de la vue sélectionnée par un utilisateur sur
l’ensemble de données d’image ultrasonore.

3. Appareil selon la revendication 2, dans lequel le gé-
nérateur (GDG) est configuré pour générer, en ré-
ponse à un utilisateur désignant un point d’intérêt
dans l’image de rayons X (XF), une ligne de mire
s’étendant à partir dudit point d’intérêt à travers l’en-
semble de données d’image ultrasonore (USV) dans
la vue sélectionnée sur la scène 3D et jusqu’à la
position de la source de rayons X (XR), le générateur
(GDG) servant à générer un marqueur pour désigner
visuellement un point correspondant sur la ligne et
où ladite ligne recoupe les données d’image ultra-
sonore (USV) dans la vue sélectionnée sur la scène
3D.

4. Appareil selon la revendication 2, dans lequel le gé-
nérateur est configuré pour générer, en réponse à
un utilisateur désignant un point d’intérêt dans le jeu
de données d’image ultrasonore dans la vue sélec-
tionnée sur la scène 3D, une ligne de mire s’étendant
à partir dudit point d’intérêt jusqu’à la position de la
source de rayons X et s’étendant jusqu’à un point
correspondant de l’image de rayons X et sur ladite
ligne où ladite ligne recoupe l’image de rayons X, le
générateur servant à générer un marqueur pour dé-
signer visuellement le point correspondant dans
l’image de rayons X.

5. Appareil selon l’une quelconque des revendications
1 à 4, dans lequel l’image ultrasonore est une dans
un flux d’ensembles de données d’image ultrasono-
re et dans lequel l’image de rayons X est une dans
un flux d’images de rayons X, les deux flux d’images
enregistrés dans le cadre commun de référence, le
générateur comprenant un suiveur (TR) pour suivre
le point d’intérêt dans le temps dans le flux d’images
de rayons X ou dans le flux d’ensembles de données
d’images ultrasonore, le générateur étant configuré
pour générer à nouveau le point correspondant dans
la vue sélectionnée sur l’ensemble de données
d’images ultrasonore respectif dans le flux ou dans
l’image de rayons respective dans le flux, et adapter
la ligne de mire en réponse à un changement de
position de la source de rayons X (XR) ou de la sonde
ultrasonore (USP).

6. Appareil selon l’une quelconque des revendications
1 à 5, dans lequel l’affichage graphique (GUI) est un
affichage interactif et configuré pour recevoir la pre-
mière ou la seconde vue sélectionnée par un utilisa-
teur ou la demande de réduction de grossissement.
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7. Appareil selon l’une quelconque des revendications
6, dans lequel l’écran est un écran tactile et dans
lequel la sélection d’utilisateur de la vue et/ou de la
demande de réduction de grossissement se fait par
une action manuelle de contact ou de balayage sur
l’écran.

8. Appareil selon l’une quelconque des revendications
6, dans lequel la sélection d’utilisateur de la vue et/ou
de la demande de réduction de grossissement se
fait en actionnant une touche sur un clavier ou en
actionnant un outil pointeur, le clavier ou l’outil poin-
teur étant couplé en communication avec le dispo-
sitif.

9. Procédé de visualisation d’un matériau d’image
dans un environnement d’imagerie multimodale,
comprenant les étapes consistant à :

recevoir (S501)

i) un ensemble de données d’image ultra-
sonore (USV) acquis d’un objet par une son-
de ultrasonore (USP) et,
ii) une image de rayons X (XF) de l’objet
acquise par un détecteur (D) de dispositif
d’imagerie à rayons X (100) dans un plan
au niveau d’une direction de projection par
exposition de l’objet à un rayonnement
émanant de la source de rayons X (XR) du
dispositif d’imagerie à rayons X (100) ;

enregistrer (S505) les données d’image ultraso-
nore (USV) dans un cadre de référence commun
à la fois pour le dispositif d’imagerie à rayons X
(100) et la sonde ultrasonore (USP) ;
générer (S515) sur un écran (M) un affichage
graphique (GUI) d’une scène 3D au niveau
d’une vue pouvant être sélectionnée par un uti-
lisateur qui permet, dans le cadre de coordon-
nées commun, une représentation

i) d’une projection 3D de l’ensemble de don-
nées d’image ultrasonore (USV) ; et
ii) une vue en perspective 3D sur l’image de
rayons X dans le plan du détecteur (D), la-
dite vue en perspective 3D correspondant
à la direction de projection de rayons X et
à la vue sélectionnée par un utilisateur, le
générateur étant configuré pour mettre à
jour la scène 3D en fonction et en réponse
à une seconde vue sélectionnée par un uti-
lisateur sur la scène 3D.

10. Procédé selon la revendication 9, comprenant l’éta-
pe consistant à :
en réponse à une demande de réduction de gros-
sissement, générer une version dézoomée de la scè-

ne 3D afin d’accepter une longueur du SID de dis-
positif d’imagerie, avec un marqueur visuel indiquant
une position de la source de rayons X par rapport à
l’image de rayons X dans le plan de détecteur au
niveau de la vue sélectionnée par un utilisateur sur
l’ensemble de données d’image ultrasonore.

11. Système d’imagerie comprenant :

le dispositif d’imagerie à rayons X (100) pour
acquérir l’image de rayons X ;
une seconde modalité d’imagerie pour acquérir
l’ensemble de données d’image ultrasonore ;
un appareil selon l’une quelconque des reven-
dications 1 à 8 précédentes.

12. Système d’imagerie selon la revendication 11, dans
lequel la seconde modalité d’imagerie est un dispo-
sitif d’imagerie ultrasonore 3D.

13. Elément de programme informatique pour comman-
der un appareil selon l’une quelconque des reven-
dications 1 à 8, qui, lorsqu’il est exécuté par une
unité de traitement, est adapté pour exécuter les éta-
pes de procédé des revendications 9 à 10.

14. Support lisible par ordinateur sur lequel est stocké
l’élément de programme selon la revendication 13.
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